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(Cover-to-cover translation of OTECHESTVENNAYA 
GEOLOGIYA for June 1994] 


Development of Aerospace Methods at the 
Laboratory of Aerial Methods of the All-Russian 
Scientific Research Institute of Satellite 
Aerogeological Methods 

957N0027A Moscow OTECHESTVENNAYA 
GEOLOGIYA in Russian No 6, Jun 94 pp 3-11 


[Article by A. V. Pertsov; UDC 528.711.1(203)] 


[Text] In February of 1944, at the initiative of Academi- 
cian A. Ye Fersman, a specialized science organization 
was set up in affiliation with the Department of Geological 
and Geographic Sciences of the USSR Academy of Sci- 
ences: the Laboratory of Aerial Methods, charged with 
tasks of developing theoretical principles of Aerial 
Methods and coordinating research on using them in the 
national economy. Passing the baton of research to this 
new organization was the Scientific Research Institute of 
Aerial Photography (Leningrad) founded in 1929, where 
Academician A. Ye. Fersman was director. From 1929 
through 1935, research had been done within the scope of 
this institute on studying natural resources by methods of 
aerial photography. Among other things, an expedition 
had been organized to Soviet Middle Asia with results that 
showed the great possibilities and prospects for using aerial 
photography to solve geological, hydrogeological and some 
other problems. The experience of this research was gen- 
eralized by A. V. Gaveman in the book ‘Aerial Photog- 
raphy and the Study of Natural Resources” (1937). 
However, following the transfer of this institute to Moscow 
in 1935 and its reorganization to the Central Scientific 
Research Institute of Geodesy, Aerial Photography and 
Cartography, work on the development of aerial methods 
for studying natural resources was stopped. Work in this 
area was to be turned over to the Laboratory of Aerial 
Methods, which was set up on the basis of the Standing 
Committee on the Use of Aerial Photography of the USSR 
Academy of Sciences (chairman A. Ye. Fersman) and the 
camouflage group of the Commission on the Geological 
and Geographic Service of the Red Army. The first 
director of the Laboratory of Aerial Methods (LAEM) was 
Academician P. I. Stepanov with an initial staff of 12. 
Experience in using aerial methods in the field of geology 
was generalized by V. P. Miroshnichenko in the book 
‘Aerial Photography,” which was ready for publication in 
1941, but was not printed until 1946 because of the 
Leningrad blockade. This was the first book in our nation 
to attempt a systematic exposition of methods of geolog- 
ical interpretation of aerial photographs. 


From 1947 through 1962, LAEM was headed by Associate 
Member of the USSR Academy of Sciences N. G. Kell, and 
it was under his direction that the Laboratory of Aerial 


Methods was transformed into the nation’s leading science 
organization in the field of developing methods of aerial 
photography for studying natural resources. During this 
period, the foundations were laid for schools of science in 
the use of aerial methods for studying the bottom of 
marine shallows (V. V. Sharkov), natural landscapes (V. P. 
Miroshnichenko), neotectonic processes (S. S. Shults), 
soils, quaternary geology. reformation of the shores of 
bodies of water (N. N. Sokolov), and also in the field of 
scientific photography (K. S. Lyalikov) and mathematical 
methods in geology (A. B. Vistelius). In the course of their 
research, LAEM workers during these years developed 
original methods of using a variety of m>terials of aerial 
photography to study the geologic structure of the bottom 
of marine sha!lows (V. V. Sharkov, Z. I. Guryeva), active 
volcanoes (Ye. A. Svyatlovskty), forests (S. V. Belov, N. G. 
Kharin, D. M. Kireyev), reformation of the coasts of 
bodies of water (N. N. Sokolov, A. I. Baranova, F. S. 
Zubenko), soils (A. S. Preobrazhenskiy, Yu. S. Tolchelni- 
kov, N. N. Semenova), closed drainage systems (G. Ya. 
Meyer), virgin and fallow lands of Northern Kazakhstan 
(L. I. Berezkina, Ye. V. Leontyeva), prospecting for ground 
water (G. Ya. Meyer, K. Ye. Nefedov, T. A. Popova, Ye. F. 
Artsybasnev), prospecting for major diamond fields (V. M. 
Varygin, N. V. Kobeis, V. B. Komarov), predicting petro- 
leum and gas bearing structures in bodies of water (V. P. 
Miroshnichenko, V. V. Sharkov, N. V. Kobets), studying 
regional geological structure and geological mapping (V. 
M. Budko, N. V. Kobets, A. B. Vitelius). Research was 
done in the field of photogrammetry (K. G. Kell, Ye. V. 
Ponomarev, M. P. Makhina, V. G. Zdanovich, F. M. 
Khadzhetlashe, V. B. Komarov, V. I. Pavlov, N. S. 
Ramm), photographic processing of aerial photographs (K. 
S. Lyalikov, G. N. Kalko, A. Ya. Smirnov, Z. L. Petrush- 
kina, D. A. Yantush. Yu. V. Uglev, V. F Nomokonova), 
mathematical methods 1n geology (A. B. Vistelius, M. A. 
Romanova), diffraction methods of studying sea waves 
(Yu. D. Sharikov, I. A. Cherkasov). Methods were devel- 
oped for guidance of aircraft during aerial photography (S. 
V. Belov, O. Yu. Yurkovskiy), equipment and methods 
were developed for studying spectral characteristics of 
natural objects, and work was done on measuring these 
characteristics (V. V. Koltsov, i. V. Semenchenko, K. Ye. 
Meieshko, S. G. Slutskaya). Research was done on com- 
bined use of aerial geophysics and aerial photography for 
purposes of geological mapping (N. D. Palitsin, A. V. 
Dolivo-Dobrovolskiy, B. V. Shilin). Results of this kind of 
research were generalized in several books. collections of 
scientific papers, procedural recommendations and man- 
uals that served as a basis for the use and development of 
aerial methods in many organizations in different areas of 
the national economy. Highly skilled personnel (candi- 
dates of sciences in various fields of application of aerial 
methods) were trained by internship at LAEM under the 
guidance of leading specialists. 


In 1962, in connection with reorganization of the USSR 
Academy of Sciences, the Laboratory of Aerial Methods was 
transferred to the USSR Ministry of Geology. V. B. 
Komarov, a student of N. G. Kell. was named its director. 
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Since that time, work at LAEM has been directed toward 
developing methods of aerial geological research, and with 
the advent of satellite photography, toward developing 
methods of satellite and aerial geological research. The 
methodological and theoretical foundations for using 
remote sensing materials in geological research, which are 
based on landscape-indication analysis of aerospace infor- 
mation, were developed tn research by V. P. Mirosh- 
nichenko. The results of these developments were used in 
procedural recommendations for using materials of aerial 
photographs tn studying regional geological structure, geo- 
logical mapping on small, medium and large scales, predic- 
tion and prospecting for mineral deposits (ore, diamonds, 
petroleum and gas, underground water) in various land- 
scapes and under various geological conditions of the Soviet 
Union. 


Research on the study of shallow zones in seas received 
considerable development during this period, and the 
results were generalized by a team of authors under the 
direction of V. V. Sharkov in severai books: “Aerogeolog- 
ical Survey of Shallow Zones of the Caspian Sea.” “Geol- 
ogy of Underground Slope of the Western Caspian 
Seacoast.” and others. 


In the sixties, research was begun at LAEM on developing 
new methods of remote sensing—radar (V. B. Komarov) 
and infrared aerial photography (B. V. Shilin}—that con- 
siderably extended the capabilities of remote sensing of 
natural resources. Experimental work was done on using 
materials of high-altitude photography for geological pur- 
poses (G. B. Gonin, N. A. Yakovlev). The advent of 
satellite photography brought a qualitatively new stage in 
the development of remote methods. LAEM was first in 
our nation to do research on creating methods of geological 
interpretation of satellite photographs (A. V. Dolivo- 
Dobrovolskiy. S. I. Strelnikov). With the development of 
data processing hardware (computers), work started on 
automation of processes of geological interpretation of 
aerial and satellite photographs (D. A. Yantush, N. F. 
Afanasyev, B. N. Mozhavev. A. A. Chigirev). 


Research in the application of acrial radar materials was 
started at LAEM on the initiative of V. B. Komarov. On 
the first stage, work was done at Polyarnyy Ural by S. I. 
Strelnikov, in Kamchatka by N. A. Gusev and B. V. Shilin, 
and in Turkmenia and Kazakhstan by V. A. Starostin and 
V. G. Mozhayeva, using materials obtained on the Toros 
side-looking radar (developed at Leninets Scientific Pro- 
duction Association under the direction of V. M. Glush- 
kov). The results of this work were used tn compiling 
“Temporary Procedural Guidelines on Using Aerial Radar 
Scanning in Geological Research,” enabling geological 
organizations of the nation to start using aerial radar 
materials in production work. In the course of introducing 
the aerial radar method in production organizations of the 
geological sector, the staff at LAEM took aerial photo- 
graphs on an area of more than 10 million km? on orders 
of more than 30 organizations. Based on results obtained 
in the course of this experimental procedural work, a 
request for proposal was submitted for development of a 
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radar set of a new generation that was produced at 
Leninets Scientific Production Association (the Nit side- 
looking radar). 


Research on using the method of aerial photography in the 
infrared band (3-14 um) was started at LAEM on the 
initiative of N. G. Kell and Yu. K. Yutsevich. Both in our 
nation and elsewhere, the first optoelectronic scanning 
systems for aerial photography in the infrared band were 
made for purposes of military air reconnaissance, and 
therefore it was on facilities of this kind that the first aerial 
photography experiments were done. The initial goal was 
to study high-temperature objects like active volcanoes 
and steam-hydrothermal formations. Work was done in 
Kamchatka using the Teplo-M IR scanner under the 
supervision of B. V. Shilin. The encouraging results of this 
work led to formulation of extensive research in the 
following three areas. 


The first area was development of aerial photography 
hardware that culminated with production of the Vulkan 
airborne IR imager at Azov Mechanical Optics Plant. the 
Soviet Union’s first such device. Within the scope of work 
in the second area, a thermal inertia model was developed 
for calculating the temperature field of the earth’s surface 
under the action of solar radiation by solving an equation 
of thermal conductivity in the form of equations of heat 
balance; diurnal plots were made of the temperature of 
objects with different thermophysical properties for var- 
ious natural conditions, which enabled estimation of the 
effectiveness of infrared aerial photography, and accord- 
ingly determination of the class of jobs that could be 
effectively handled by this method of remote sensing. The 
third area involved development of procedural recommen- 
dations on doing infrared aerial photography and inter- 
preting the resultant materials when studying regions of 
active volcanoes and hydrothermal activity, when per- 
forming tasks in hydrogeology and engineering geology, 
hydrology, land reclamation, investigating the specifics of 
the structure of ice and snow cover on land and at sea, and 
monitoring the status of the natural environment. 


In this same period, LAEM started doing research in the 
area of multispectral aerial photography, during which 
theoretical principles were worked out for studying natural 
objects from their spectral characteristics, hardware was 
developed for measuring the spectral characteristics of 
objects (field spectrometer on RFP of LAEM at the Sibe- 
rian Experimental Design Office of Neftegeofizika Scien- 
tific Production Association, spectrograph, underwater 
light meter, FASK-4 photoelectronic aerial camera with 
simultaneous photographic recording of data in two chan- 
nels, a series of aerial spectrometers (S-8, S-9, S-12) with 
cophased scanning and recording system and variable 
angle of view, the TZ-2 airborne spectrozonal telephotom- 
eter, the MASK-1 multispectral 16-channel aerial camera, 
the SPA-I automatic field spectrometer, and so on), and 
guidelines were developed for spectrophotometric studies 
of natural objects (V. V. Koltsov, K. Ye. Meleshko, S. G. 
Slutskaya). 


The first high-altitude aerial photographic survey was done 
in Central Kazakhstan under the supervision of G. B. 
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Gonin and N. A. Yakovlev. Geological interpretation of 
the resultant materials showed that they are highly infor- 
mative with regard to the feasibility of studying geological 
objects that require a broad view 


The advent of satellite photography raised methods of 
remote sensing of natural resources to a new information 
level. Research on the use of satellite photographs for 
solving problems of geological mapping, predicting and 
prospecting for minera’ deposits was formulated at LAEM 
in the early sixties. Performance of this research entailed 
elaboration of questions of the theory of interpretation of 
geological objects from satellite photographs, including 
prediction of deep geological structures; a technique was 
developed for using satellite photographs in research in 
structural geology and geomorphology, and in geological 
mapping. substantiation was found for the efficacy of 
using satellite images for metallogenic studies and predic- 
tion of mineral deposits. The results of these developments 
nave been generalized in a series of books. industry-wide 
guidelines and manuals 


In the area of devclopment of hardware. technology and 
software for computer-aided processing of aerial and sat- 
ellite photographs. principles were worked out for modu- 
larizing information processing systems. the prototype of a 
system for processing such information was produced, 
based on a Dnepi-! computer. and a request for proposal 
was compiled for developing a unified automated system 
based on the YeS-1020 computer and specialized periph- 
erals, including a computerized interpretation workstation 
(A. A. Chigire’’). 


Aeogeologiya Scientific Production Association was insti- 
tuted in the early seventies to focus research in the 
acrogeological field in the system of the Ministry of 
Geology. based at the All-Union Aerogeological Trust 
(VAGT) and LAEM. Specialists of this association, 
including scientists of LAEM, do developmental work in 
research. experimental design, methods, and experimental 
procedures relating to creating and introducing new 
remote methods in the geological sector, direct and super- 
vise the activity of 52 aerospace geological production 
teams in all regions of the nation. and also |1 departments 
and laboratories of sector-wide research institutes. During 
this period, aerogeological studies became a mandatory 
component of the unified geological prospecting process, 
considerably enhancing the effectiveness of studying 
regional geological structure and geological mapping. 
solving problems of tectonics and structural geology. 
hydrogeology and engineering geology, quaternary geology 
and geomorphology. mineral forecasting and prospecting. 


Theoretical and procedurai questions of using aerial pho- 
tography in geology have been most completely covered in 
the nation’s first collective work by LAEM staff members, 
consisting of two volumes: “Physical Principles and Hard- 
ware of Aerial Methods” (1967) and ‘‘Aerial Methods of 
Geological Research” (1971). This monograph, prepared 
under the supervision of A. I. Vinogradova, examines 
theoretical principles of geological interpretation of mate- 
rials of aerial photography. aerial magnetic and radio- 
metric surveys, and aerial electrical prospecting, and 


clarifies methods and equipment for work in medium- 
scale and large-scale geological surveys and mineral pros- 
pecting with an exposition of the principles of integrating 
various aerial methods. The specifics of using acrial 
methods in geological surveying and mineral prospecting 
are described, and examples are giver of their application 
under various conditions of structural geology and land- 
scapes of the Soviet Union, as well as the prospects for 
using new aerial methods. A large team of authors from 
among workers at geological institutions was recruited for 
compiling the monograph. In addition to Soviet research, 
consideration was also taken of foreign experience. The 
monograph incorporates appropriate illustrative material 
on major zones of structural geology and landscapes of our 
nation. 


Questions of using satellite photographic materials were 
generalized a little later by specialists of the laboratory of 
aerial methods in the book “Satellite Photography and 
Geological Research” (1975) edited by G. B. Gonin and S. 
1, Strelnikov 


During this same period. research was done at LAEM on 
combining aerospace information with geophysical data. 
Using the Kola Peninsula as an example. a team of 
specialists under the supervision of V. M. Budko and A. V. 
Doli ‘0-Dobrovolskiy developed a method of combined 
interpretation of materials of aerial photography and geo- 
physical data in studying the structure of intrusive rocks 
(1972). Based on the example of the Yenisev River region 
of Siberia, a team of specialists under the supervision of V. 
1. Astakhov prepared procedural guidelines on using com- 
bined materials of remote sensing in combination with 
geophysical data in geological medium-scale mapping 
under difficult conditions. The proposed method was 
based on the following fundamental provisions: landscape 
zoning, geoindication analysis of aerospace information, 
and optimization of the choice of survey materials of 
different types and scales. Procedural recommendations 
were generalized in the book “Integrated Set of Remote 
Methods tn Geological Mapping of Taiga Regions.” 


Considerable experience in the use of aerial radar mate- 
rials has been generalized by V. G. Mozhayeva 1n her book 
“Studying Terrain From Materials of Aerial Radar Scan- 
ning” in which individual regions located in different 
geostruciural areas (Baltic Shield, platform regions of 
Kazakhstan, the region of the Alpine Belt) give a detailed 
illustration of the capabilities of using radar surveys in 
geomorphological mapping. geomorphological structural 
analysis, investigation of regional geological structure and 
recent tectonics. 


In 1979 in the book “Aerial Methods of Geological Inves- 
tigation of Regions of Two-Tier Structure,” a team of 
LAEM specialists (G. V. Galperov A. V. Pertsov, N. A. 
Brusnichkina) generalized results of rescarch on devel- 
oping methods of using materials of aerial photography in 
geological depth mapping and predicting mineral deposits. 
The results of this work were also used to draw up 
procedural recommendations and guidelines enabling 
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enhancement of the quality of work in studying the geo- 
logical structure of territories covered by a sheath of loose 
deposits. 


A Moscow department of LAEM was set up in 1973 and 
operated until 1977; the chief of the department throughout 
its existence was S. M. Bogorodskiy. Under his supervision, 
the staff of the department worked tn two areas: 


|) organizing and conducting research on integrated 
proving grounds for the purpose of developing 
optimum processing arrangements in using remote 
sensing materials: 


~ 
— 


conducting geological and economic research on eval- 
uating and improving the effectiveness of aerial and 
satellite methods. 


Most of the work of the Moscow department was done on 
the Ustyursk and Sredneaziatsk (Fergana) proving 
grounds. As an important component of this research, 
synchronous and subsynchronous surveys were done. and 
an assessment was made of the resultant materials; geoin- 
dication methods were developed for interpreting photo- 
graphs and integrating the results with geological and 
geophysical data 


In Minsk in 1974. based on the Laboratory of Aerogeolog- 
ical and Morphometric methods. an Aeromorphometric 
Department was set up that existed until 1992. 
Throughout its life. the department was headed by O. I. 
Karasev, under whose leadership the collective did 
research on developing and introducing aerospace 
methods of geological research under the conditions of the 
western European section of the USSR. 


In the eighties. the main areas of activity of the Laboratory 
of Aerial Methods of the All-Russian Scientific Research 
Institute of Satellite Aerogeological Methods were: 


1) development of the theory, methods and technologies 
of using materials of aerial and satellite surveys in 
geological research, investigating the status of the nat- 
ural environment and the dynamics of its behavior, 


~ 
~— 


creating and upgrading hardware and methods of 
obtaining aerospace information; 


3) creating and upgrading hardware, software, methods 
and processing arrangements for analyzing materials of 
various kinds of aerial and satellite surveys, primarily 
by developing a variety of computer-aided systems for 


handling geological tasks. 


~~ 


During this period, and specifically in 1986, the Labora- 
tory of Aerial Methods at the initiative of the USSR 
Ministry of Geology was converted by a resolution of the 
government to the All-Union Scientific Research Institute 
of Satellite Aerogeological Methods (VNIIKAM), today’s 
All-Russian Scientific Research Institute of Satellite Aero- 
geological Methods. 


During these years. within the scope of research in the first 
area, there was further development of the geoindication 
approach to analyzing materials of aerial and satellite 
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surveys. Work done by a team of specialists at VNIIKAM 
under the direction of V. M. Mozhayey and N. F. Afa- 
nasyev resulted in formulation of a geoindication method 
as a basis for geological interpretation of materials of aerial 
and satellite surveys under a variety of landscape and 
geological conditions. This method ts premised on a study 
of the interrelations among elements of the geological 
structure and components of the landscape, and using the 
discovered principles in analyzing aerospace information 
Implementation of the method of geoindication modeling 
consists in constructing mathematical models based on the 
hypothesis of the way that elements and components of the 
landscape (including the particulars of their spatial distri- 
bution) are related to geological features. If trial of such a 
model yields a positive outcome, the revealed patterns 
(geoindication models) are used to forecast the geological! 
structure on sections that have not been studied. Use of the 
geoindication modeling method 1s premised on computer- 
aided data vrocessing in virtue of the considerable vol- 
umes of information being used. Experience with work in 
this area has been generalized in several procedural man- 
uals and in the book “Geoindication Modeling.” 


Methods of using materials of aerial and satellite surveys 
to study recent tectonics and to predict the petroleum and 
gas potential of structures under various natural condi- 
tions are the traditional theme of many VNIIKAM collec- 
tives. They are a component part of some specialized 
manuals, and are outlined in several books: “Landscape 
Method of Interpreting Manifestations of Recent and 
Contemporary Tectonics in Prospecting for Buried Petro- 
leum and Gas-Bearing Structures’ (V. P. Muirosh- 
nichenko), “Using Materials of Aerospace Imaging in 
Studying Recent Tectonics of Southwest Turkmenia™ (B. 
N. Mozhayev and V. G. Mozhayeva), and others. 


Based on geoindication modeling, a team of specialists 
under supervision of A. A. Kirsanov has developed a 
technique for predicting the structure of surfaces of the 
sedimentary sheath within the confines of petroleum and 
gas fields from materials of aerospace imaging and geolog- 
ical and geophysical data. The basis of the method was 
geoindication analysis of aerospace information. image 
processing On computers and constructing models of the 
depth structure of the sedimentary sheath within the 
confines of studied sections with subsequent extrapolation 
to regions that had not been studied. The method was tried 
on the territory of petroleum and gas fields of Soviet 
Middle Asia and the Caspian Basin. 


Based on the geoindication approach, VNIIKAM 1s devel- 
oping technology for using aerial and satellite photographs 
in geological mapping of platform territories in scales of 
1:200,000-1:50,000 (based on the example of the north 
Russian platform), as well as in prediction and prospecting 
for petroleum and gas (using examples of Eastern Turkme- 
nia, Western Uzbekistan, Eastern Pakistan and Orenburg 
Oblast) based on photographic and digital processing of 
remotely sensed data (A. V. Pertsov. A. A. Kirsanov. Yu. 
V. Ugilev, A. N. Rogov and V. A. Blinov). 
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The Minsk Department 1s working on methods of using 
materials of aerial and satellite surveys to study neotec- 
tonics and minerals of the Belarus woodlands (O. I. 
Karasey and L. S. Volskaya), including potassium salt 
deposits (I. A. Tyashkevich), predicting petroleum and 
gas-bearing structures in Eastern Siberia (O. I. Karasev) 
and on the Voronezh Anticline (N. A. Kapelshchikov). 


Advances have been made in research on upgrading aero- 
space methods of shelf studies being done at LAEM by V. 
V. Sharkov. Z. 1. Guryeva. Ye. I. Kildyushevskiy and R. I. 
Goloudin. The considerable body of experience in research 
done on the Sea of Okhotsk and on the Caspian, Black, 
White and Barents Seas with respect to development of 
methods of using materials of aerial surveys (photo- 
graphic. radar and infrared) and satellite surveys (photo- 
graphic. by multispectral scanner, and so on) has been 
generalized in an atlas of annotated aerial photographs 
(“Aerial Photographic Methods of Geological and Geo- 
morphological Studies of the Internal Shelf and Seacoast’) 
and in the book “Aerospace Methods of Geological 
Investigation of the Shelf.” 


Development of remote sensing methods in tectonic- 
magmatic and forecasting-metallogenic research during 
this period has necessitated solving the problem of making 
the transition from analysis of the patterns of distribution 
of individua! features to a perspective assessment of terri- 
tories, forecasting and prospecting for nev kinds of raw 
material based on integrating remotely sensed data with 
geological-geophysical. geochemica, and other kinds of 
specialized studies. This problem was solved at VNIIKAM 
by a group of specialists under the supervision of I. K. 
Rundkvist and G. V. Galperov. A technique for such 
studies with stage-by-stage interpretation of materials of 
aerial and satellite surveys by integration with data of 
geological. geophysical and other specialized types of 
research on the corresponding scale at each level of gener- 
alization has been worked out based on the example of the 
Kyzylkum region of the Ural-Mongolian moving belt (G. 
V. Galperov. A. V. Pertsov and others), the Oymyakon- 
Kolyma region of the Pacific moving belt (G. V. Galperov, 
I. K. Rundkvist. V. S. Antipov), and the Caucasian-Tauric 
region of the Mediterranean moving belt (V. Z. Sakhatov). 
One of the component parts of this technique 1s the 
processing layout of prediction-prospecting models (PPM) 
as a component part of the prediction-prospecting system 
based on the example of metallogenic taxa that include the 
largest deposits on three levels of generalization. The 
technology has been developed based on the example of 
the following regions: Batkal-Patom, Central Kyzyikum, 
Western United States (gold). South Primorye and 
Chukhotka (tin). South Urals (copper), and Central Kaza- 
khstan (tungsten and copper) The results of these devel- 
opments have been gereralized in the book ‘‘Metallogenic 
and Tectonic-Magmatic Research Based on Using 
Materials of Aerial and Satellite Surveys” (1988). 


N. V. Skublova is developing methods of structural- 
geomorphological analysis in metallogenic prediction 
studies based on extensive use of aerospace information 


and application of mathematical methods of computer 
processing of this information. Based on the example of 
regions of Central Kazakhstan. corresponding techniques 
are being developed and finding extensive application in 
the practice of production organizations. 


The first research in the area of investigation of the status 
of the natural environment from remotely sensed materials 
was Started in 1976 at LAEM on the initiative and under 
the supervision of T. A. Popova. A group of specialists has 
studied the current state of the Lake Ladoga-Neva-Neva 
Inlet ecosystem by remote sensing methods for the purpose 
of correcting planned developments. The result has been 
preparation of scientific guidelines on using materials of 
satellite surveys and aerial photographs in studying the 
state of the natural environment, ascertainment of the 
level and sources of environmental pollution, and moni- 
toring natural systems subjected to intensive industrial 
impact. This area has been further expanded in develop- 
ment of a technique for using aerospace imaging in com- 
piling territorial integrated plans for natural conservation 
in individual regions based on tlie example of Leningrad 
Oblast and some other regions (T. A. Popova. N. N. 
Semenova, L. I. Berezkina and Ye. V. Leontyeva). With 
the advent of hardware for processing aerospace informa- 
tion, methods are being developed at VNIIKAM under the 
supervision of T. A. Popova and A. V. Teosev for using 
aerospace information and computer facilities in environ- 
mental monitoring. In this connection. methods are being 
developed for solving the following problems: mapping 
soils of « tual degree of disruption. checking the extent of 
disruption, of landscapes as a result of mining activity, 
contamination of water in developed oi! fields. investiga- 
tion of internal contamination of water basins. and the 
like. To support this work, man-machine technology has 
been developed with the corresponding software for the 
YeS 1045 computer system: Perikolor- 1000. 


Within the scope of the second area, research has been 
done on improvement of hardware for infrared aerial 
photography, development of techniques for obtaining and 
interpreting results in the solution of geological and geo- 
ecological problems. On a request for proposal. VNITIKAM 
has developed the Malakhit infrared imager. 1s starting 
development of the Yashma and Vezuviy multispectral 
uifrared systems, is drawing up procedural recommenda- 
tions on using infrared aerial surveying in hydrogeology 
and engineering geology (B. V. Shilin. 1. A. Molodchinin)., 
and B. V. Shilin is publishing a book “Infrared Acrial 
Photography in the Investigation of Natural Resources” 
that generalizes the state of the art in the field of physical 
principles, hardware and methods of application of 
i ifrared aerial photography to the solution of geographic, 
geological and geophysics problems. 


Work continues on evolution of the radar method. In the 
course of this work, techniques are being developed for 
aerial imaging by side-looking systems for solving prob- 
lems of studying natural resources (O. A. Yurkovskiy, V. L. 
Shcherbakov), the geometry of radar imaging 1s being 
studied (A. V. Dolivo-Dobrovolskiy), a method is being 
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developed for computer transformation of radar images to 
a prescribed geometr (A. N. Rogov). and 


prose edural approaches are Deing dé veloped lOr analyzing 
the resultant information in handling a large class of 


geological-geographic problems (V. A. Starostin). The 
book [ sing Radar Atria Ir aging In Geological- 
Geograpt ic Research” (edited by V. M. Giushkov and V 
B. Komarov) generalizes exper e of research that has 
been done and formulates directions for further develop- 
ment o} the method. Work cont es on introducing the 
radar probing method into ge al Surveying practice 


and forecasting-prospecting work both in our nauon and 
elsewhere. The statf at VNIIKA‘! has done radar aerial 
imaging of territories of C7 akia. Poland. Bulgaria 
and Germany. as well as geological interpretation of the 


resuitant materials on test sections. Nas Cor perated with 
geologists of th, uforemenrt ned nations in tie d veritica- 
— 

] j ea | | a a 
tion work. and ha ym 1 and distributed procedural 


recommendations on turthe r images in the 
solution of geological problems (A. A. Kirsanov, V. L 


Sncherbakov. Ye. |. Mark (; \. Galperov) 


Within the scoy work on developing and upgrading 
hardware and methods of processing materials of aerial and 
satellite surveys (fhira arca). VNITIKAM has developed 
photographic and opt ‘SSINng. as 
well as computerized methods of processing aerospace 
information. Photographic image processing methods (Yu 
V. Uglev) are based on a standard set of photolab hardware 


and solve problems of improving reproduction of informa- 
tive elements of photographs with respect both to the 
transfer of photometric and geometric properties. and to the 
conditions of location of geologica! features. In this context 


special ..ethods of transforming photographs have been 
developed that solve problems of photographic correction of 
images (intensifying. equalizing contrast. and so on). fil- 
tering (isolating regions with a specified distribution of 
opticel density or geometric details. isolating local image 
elements. unidirectional linear features, their points of 


ndication of informative frag- 
ments (in the f arbitrary symbols). and 
compiling graphic diagrams. The methods that were devel- 
oped to a considerable extent realized the operations of 
mage conversion that are currently being successfully used 
in computerized image processing. The use of these 
methods considerably mpro.ed the geological interpret- 
ability of aerial and satellite photographs. which 1s why they 

b practical operations of 


intersection. and 


srry f f <7 


several geoiogica: organizations 


Optical methods of infor processing have been 
developed at VNITIKAM hased on coherent methods 11 the 
following three areas 
1) quantitative lineamental analysis of two-gradation 
images 
2) filtering of photographs to bring out linear elements: 
e Braj 
3) quantitative analysis of the structure of images for the 
urpose of automated classification of various features 
p 
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Within the scope of th.s research in accordance with a 
request for proposai. WNIIKAM and the Institute of 
Physics and Mathematics of the USSR Academy of Sci- 
ences developed the Roza coherent optical facility (COF) 
that was produced in a short-run series and used by se eral 
organizations. This was followed by development of 
optical image analysis equipment—Real!. Stereoreal. Spe- 
ktr-Tekstura—and procedural recommendations on using 


these instruments (D. A. Yantush. V. '. Zakahrov) 


In the area of computer-aided processing of aerospace 
information, VNIIKAM developed the Format system 
(F-110. F-i30, F-140) on RFP tor computer IO and 
preprocessing of images. a computer-aided interpretation 
workstation (ARM-D). a computer-aided interpreting ste- 
rosystem (ADS). and developed systems software for the 
Format-SM system based on the 1045 computer (A A. 
Chigirev). This hardware. software and procedura! recom- 
mendations on using them were distributed to geological 
p:oduction organizations 


Within the scope of this same area. software «as developed 
for analyzing materials of aerial and satellite surveys 
programs for filtering. segmentation and recognition of 
half-tone and multispectral images. construction of regres- 
sion equations and forecasting of geological features based 
on them. as well as a number of programs for photogram 
metric and photometr.c processing of photographs (N. F. 
Afanasyev. A. V. Teosev. G. B. Gonin. V. A. Blinov. V_ 1. 
Voroshukho and others} Research experience in the area 
of digital processing of aerospace information has been 
generalized in the book “Mathematical Methods in 
Geological Interpretation of Aerial Photographs” (N. F. 
Afanasyev. K. M. Petrov and A. V. Teosev) 


During this period. particular interest was elicited by the 
problem of processing multizonal pictures that provide the 
specialist with a quite appreciable volume of information 
Research in this area was done by S. G. Slutskaya. Analysis 
of problems of increasing and decreasing contrast in inter- 
active computer processing of multizona!l images resulted 
in a formula of contrast accumulation and develop:nent of 
a procedure for improving distinguishability of converted 
multizonal images of features. The efficacy of this method 
was demonstrated by distinguishing rocks of different 
composition on photographs (N. A. Yakovlev. L. M. 
Gerasimov, N. A. Radzevich). Based on the principle of 
contrast accumulation. (). I. Karasev and D. A. Balayev 
developed an original method of processing multizonal 
satellite photugraphs that has been successfully used in 
predictions of hydrocarpon raw materials in Eastern 
Siberia, Austria and Germany 


In the late eighties, there were radical changes 19 the area 
of development of methods of remote sensing of natural 
resources due to the advent of a new generation of hard- 
ware for aerial and satellite imaging. and development of 
computer methods of processing and analyzing the 
resultant information. including with integration into a 
body with other dissimilar information (geographic. geo- 
logical, geophysical, landform. and so on). primarily geo- 
graphic information sysiem (GIS) technologies. Remote 
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sensing systems of the new generation have provided the 
capability of obtaining digital data of multispectral and 
radar satellite images of low (0.5-1 km). medium (100-300 
m) and high (5-30 m) spatial resolution. as well as data of 
specialized satellite photographs with vers high spatial 
resolution (1-2 rn). The digital form of recording of aero- 
space information has dramatically expanded (1n compar- 
ison with photographic recording) the dynamic range of 
recordable energy quantities and high spectral resolution 
ling effective computer processing without additional! 
aration. The use of different sections of the electro- 
ney trum by these systems (visible. near infrared 
nd microwave) with rec ording of measurement S 
in a ‘las number of narrow bands (5-7 for multispectral 
scanner systems. more than 100 for video spectrometers 
and 3-4 wavelengths with different types of polanzation 
for synthesis measurement radar systems) has yielded 
4 


ualitatively new information about the earth's surface 
and depth structure 
In connection with these changes. VNIIKAM 15 doing 


research on: developing methods software for a computer- 
aided GIS workstation with remote data stream: compiling 
aerospace and cartographic information banks: developing 
techniques for using multispectral and radar digital satel- 
lite data for GIS-based forecast assessment of the solid- 
mineral and fue ‘energy resources of territories. methods 
of using multispectral digital data obtained from space 
vehicles to study and map the dynamics of present-day 

marine detritus and pollution in bodies of water subjected 
to heavy industrial use. and methods of using materials of 
aerial and satellite imaging in off-shore geological surveys 


Research is continuing on the new base in development of 
methods of using materials of satellite imaging and geolog- 
ical-geophysical data in compiling metallogenic fore- 
casting maps and constructing prediction-prospecting 
models of major lodes, compiling small-scale and medium- 
scale geological and geoecologica!l maps. 


New hardware (field spectrometers in the 0.4-14 um band) 
developed at VNIIKAM using the component base of S. I 
Vavilov State Optics Institute 1s being used to locate 
geochemical anomalies in solving geological surveying. 
prospecting and geoecological problems; physical princ)- 
ples are being studied and methods are being developed for 
remote measurement of heat fluxes from data of infrared 
satellite imaging to locate pools of hydrocarbons an 
therma! waters. based on a new synthesis radar. a method 

ng developed for multifrequency aerial radar imaging 
n the centimeter. decimeter and meter bands for purposes 
if solving geological mapping problems. including 
studying the structure of subsurface strata, and prospecting 
for minerals 


Work 1s continuing on the development of new hardware 
for aerial multispectral digital imaging in the visible, near 
infrared and thermal bands. and on developing methods of 
using multispectral information in the solution of geolog- 
ical and ecological problems. 


The main areas of research at VNIIKAM at present are the 
following 


develop'ng methods integrated analysis of remotels 
sensed materials. geological-geophysical and landform 
data for studying regional geological! structure. geological 
mapping on smai! and medium scales. predicting and 


etino far rn _1\ de cut Asvamanda rdftoer 
prospecting for minera! Ceposits (ores. dijamonds. uncer- 
- - ater - ; or nc <? : s the ctat + the 
ground water. hidrocarbons). studving the status of the 
rs r4 or rn mt ane -o4 . n 
nNaturai environment anc pred ng changes 

cr rr ec: ae an cr fond + 4 > 
stud 2 b > a i .> vw UCC Ding IT 4 > 
rar ro cal ae re a a ° - - al 4 t*roaoems nr 4 
e sensing arec a Crmda ands 

Acan ne 7 - ‘ de , : ~ - ot + 
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The Place of Remote Methods in Russian Geological 
Research 

GS7NOOI7AM 
GEOLOGIYA 


* OTECHESTVENNAYA 
in Russian No 6, Jun 94 pp 12-2] 


[Text] General principles of deciphering and interpreting 
materials of aerial and satellite imaging when solving var- 
ious geological problems were developed in the SSR y prior 
to 1941 at the State Research Institute of Aeria Photog- 


raphy organized in Leningrad 
clan A Ye nd d 
VAGT [the A logic 
Department of “Mo yscow State University. at industr 
research institutes: GIN AN SSSR [the Institute of f Gec ogy 
of the USSR Academy of Sciences]. VNIG = the All-L nion 
Petroleum Scientific riety Institute of Geological 
Exploration}. VSEGEI {the All-L nion Sc ientific Research 
Institute of Geology]. VSEGINGED 1 [the All-Union Scien- 
tific Research Institute of Hydrogeology and Engineering 
Geology]. VINIIGAL [the All-Union Scientific Research 
Institute of Natural Gas]. the Institute of Geology and 
Geophysics of the Siberian Department of the USSR 
Academy of Sciences. and in many research and production 
organizations of various ministries and agencies 


A special place in work on this problem belongs to \ NI- 
IKAM [the All-Russian Scientific Research Institute of 
Satellite Aerogeolog:cal Methods] (LAEM [Laboratory of 
Aerial Methods] until 1986). Having received the baton of 
an integrated approach to investigation of natural 
resources from the Institute of Aerial Photography. LAEM 
was quickly transformed under the supervision of N. G 
Kell to a widely acclaimed center of development of 
physical principles. hardware and methods at first in aerial 
geological studies. and then in satellite studies as well. The 
most significant contribution to development of the theory 
and practice of satellite and aerial geological research 
(SAGR) was made by LAEM-VNIIKAM colleagues V. P. 
Miroshnichenko and V. V. Sharkov. as well as by their 
numerous disciples. colleagues and successors. The results 
of their work are reflected in generalizing monographs and 
numerous articles. 


On the basis of analysis. we will attempt to characterize the 
role, place and significance of satellite and aerial geological 
research in the system of geological prospecting. However. 
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we should first answer some questions: whether satellite 
and aerial geological s 
object and subject of research distinct from other sciences: 
whether SAGM 1s merely a collection of methods and 
technologies or should be treated as an independent scien- 
tific discipline 


In answering these questions. we should tuke a logic- 
methodoioey (systems) approa according to “hich 
every individual! science should be considered on th 

of its structure and functions. The structure of a science 1s 
assumed to be characterized by elements that form a single 
unit: object and subject. goals and tasks methods and 
means. and also its functional ties tu related sciences [10] 
Asa rule. specialists in specific scientific disciplines do not 


draw a distinction betwcen the object and subject « 
research. However. this distinction is among 
principles of cognitive-contextu: a 

raethodology approach. the objects of the natural sciences 
are defined as real materia! bodies. processes or phe- 
nomena investigated by the given science. from wh \ 
draw their own empiricz! material that 1s not borrowed 
from other sciences [7 


Satellite and aerial 
Studying geologica 
mined by the technic: 
Satellite imaging 


The objects of S4GR are 


geological bodies on levels of organization of matter above 
the mineral level: rocks systems, 


formations. geologic! 
geospheres. the planet earth :n its entirety 


Geological bodies and processes are frequently recognized 
by their natural indicators. such as relief. elements of soil 
and vegetative cover. natural territorial systems of various 
taxonomic ranks 


Geological bodies on levels of organization of matter 
above the mineral level and phenomena and geological 
processes commensurate with them in scale are objects of 
other earth scienc:s 4s well (tectonics. engineering geology. 
stratigraphy. petrograpty. and the like). What 1s specific to 
satellite and aerial geological research 1s that the object 1s 
not studied directly (in contact). but from its image or the 
image of its natural indicators. as wel! as from other 
characteristics obtained from remote sensors 


In this respect. SAGR 15 like geophysical! research in which 
the structure of envelopes of the earth. especially the crust. 
and the processes and phenomena that take place in them. 
are studied from the results of measurement of the physical 
fields and properties of geological objects 


From the standpoint of the logic-methodology approach. 
the object and subject of a science are not totally identical 
as the real world (the object of ihe scrence) 1s recognized in 
terms of its properties and relations as (the subject of 
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research) as determined by man. A mandatory condit 
of the scientific process 1s equivalence of the subject of 
research to its object 


The definition of tne essence of the subject of a science 
implies that the subject. as distinct from the object. 1s first 
of all a historical category (depending on the evolution of 
means and methodology. the volume and qualitative 
makeup of know!edge undergo changes). and secondl, has 
certain features of subjectivism (the object of research 1s 
recognized by each investigator in terms of his system 
sensing organs and mind) 


With allowance for the foregoing. the subject of SAGR 
should be taken as the image. as well as other forms of 
recording the properties of geological objects and their 
natural indicators obtained on the basis of aerial and 
satellite surveys. which in most general form are called 
remotely sensed data (RSD). Indeed. the satellite and 
aerial specialist in geology obtains a major part of his 
knowledge about a geological object. and often the decisive 
part. from processing and interpretation of RSD. This does 
not rule out the necessity of verifying correctness of 
deciphering and interpretation on the ground 


The subject of SAGR. as distinct from its object. 1s 
inherent only in this form of research. No other forms of 
geological prospecting are based on interpretation of RSD. 
This 1s what distinguishes SAGR from other methods and 
types of geological research. 


The problems that are solved by a scientific discipline are 
intimately tied up with its object and subject. From our 
standpoint. all the rather diverse tasks having to do with 
geological objects of different hierarchical levels that are 
handled by using materials of remote imaging ultimately 
boil down to a few basic problems: 


recognition (classification). 
drawing boundaries. 
material composition: 
interna! structure: 


mutual relations with other geological bodies of the same 
and/or different hierarchical level. 


time of formation. 


With regard to geological processes and phenomena. 
remotely sensed data solve the following problems: 


classification: 

scale of occurrence; 

intensity: 

stage (phase) of development: 
time. 


The enumerated tasks apply to the category of arithmetics 
of deciphering, without which there can be no algebra of 
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¥. remotel, sensed data a are used to 
1 r2 all based on first 


he dist rll. e features of investigation of natural ob;ects 


by using KSD from the standpoint of the genera sl 1 theoret- 
ical principles of 53 stems analysis have Deen e<amined by 
N. F ifeneewes 12] The possib ity of recognizing such 
ybyects. in his opinion. 1s determined by their interaction 
with each other and with the environment. as well as by 
nteraction of parts of the object with each other. resulting 
n revelation of their previously unknown properties. In 


such a case. the asce tainment of al! these interaction: with 
maximum possible completeness 1s one of the methods 
of SAGR 


itarn 
S-s 


1IQues) 


Thus. satellite and aeral geol gical methods have an 
ntific disc:plines. and a 


Per Scie 


subject of research that 1s specific to them alone. as well as 
a certain class of problems that are to be soived. In the 
this gives grounds for treating SAGM as an 


e — of the 
t of the scientific discipline must find reflection 
1S definition In this respect. SAGM 1s the division of 
g t uses remotely sen:ed data in the study 
geolog cai bodies on levels of organization of matter 2bove 
the mincral level. and also geologica! pre esses and phe- 
ommensurate with them 


nition ailows us to dissoci2zte SAGM. 
from the more general 


The foregoing defi 
has its own object of research. f 
oncept of aerial methods which is given in [9] and 
contradicts the definition of RSD as the object of SAGR 
[19]. From the standpoint of the iogic-methodology 
approach. it is likewise clear that the terms “satellite 
geological object” and ‘‘satellite photographic object” [8] 
are incorrect 


Geologists have at their disposal extensive capabilities for 
imaging in different baniis of the electromagnetic spec- 
trum with d:fferent resolutions on the terrain. which brings 
about real prerequisites for studying materials of reniote 
imaging on all stages of the zeological prospecting process. 
As of now. feasibility estimates have been made. and 
methods (and in some cases technologies) have been 
developed for using aerial photographic materials. 
including high-altitude and satellite images (photographic. 
television. optoelectronic), and aerial radar images. 
Research 1s being done or determining capabilities and 
develop:ng methods of using materials of infrared and 
multispectral aerial imaging and radar subsurface scanning 
in the solution of a variety of geological problems 


To study geological objects of different hierarchical levels 
it 18 advisable to use aerial and satellite pictures of dif- 

rent levels of generalization: detailed, local. regional, 
continenia! and global. 


Most of the information obtained by using reincte imaging 
materials applies to geological features exposed on the 
level of an erosion face or covered with a thin sheath of 


ose deposits. Under favorable conditions. the thc 
of the cover of loose deposits through which features of the 
composition and structure of the substrate are transferre 
may be as much as a few hundred meters For exa 
geological depth mapping in the Turgay Valley fro 


£ 2 
photographs. one can readily interpret the paleozorc folded 


QO 


foundation through 100-250 m of sedimentary sheath 

The experience of years of aerial and satellite geological 
research shows that facts about different elements of the 
Structutc of geological bodies predominate n the geolog- 
ical information obtained fror: materials of remoie 
magne from local structural furms to intricately struc- 
ured tectonic megacomplexes. In this context. small-scale 
serial and satellite photographs yield an objectively 
generalized image of geological features. enabling the 


eo logist to see large structural shapes in their naiural 
rn 


ew kinds of remote sensing. and also as 
improvements 2re made ir the hardware and technolog. va 
obtaining images. the methods of processing and inter- 
preting them. the class of geological problems that can be 
soived by using remcte methods expands. solutions are 
an improvement in 
accuracy of geological documents compiled from materials 
of remote images. and 2n increase in the volumes of 
application of these materials in geological prospecting. In 
words. the materials of aerial and satellite maging are 
being extensively introduced into geological prospecting 
production 


With the advent of n 


. - ‘ ._ 


more complete and reliable. there 1s 


oUrer 


Geological studies of a termtory are a technologically 
unified geological exploration process: a combination of 
interrelated production jobs that are done in a specific 
sequence. The main stages of this process: overview and 
<mall-scale geological! nee es. regional work. localization, 
prospecting. Conventionally. there 1s a certain sequence of 
geological prospecting | ae with purpose and content that 
are determined depending on the ultimate purpose (solid 
minerals. underground water. petroleum and gas). The 
technology of geological prospecting for solid minerals ts 
most fully developed 


The relation between capabilities provided to the geologist 
by remote methods and the class 0’ problems that can be 
solved on different stages of the geological prospecting 
process shows that aerial and satellite geological methods 
can be effectively used chiefly in ove-view and small-scale 
geological studies. regiona! work. localizing minerals. and 
to a lesser extent on the prospecting stage. The content of 
peoiogic2! prospecting jobs performed on each phase and 
Stage should serve as a guideline in determining the place 
of satellite and aerial geological research in the geological 
prospecting process. The goal 1s to substitute satellite and 
aerial geological studies for those operations of the geolog- 
ical prospecting process that can be done by using remote 
methods with higher. or at least no worse accuracy and 
reliability than by other methods with less expenditure of 
labor and materials [ {2}. 
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Among all types of geological prospecting work, regional 
geological surveying is the most universal and multipur- 
pose. Such jobs are distinguished by properties that guar- 
antee high effectiveness of introducing SAGM: mass 
application, latitude of the class of problems that can be 
solved, labor and capital intensiveness, a rather high level 
of formalization. 


Materials of remote imaging in regional geological pros- 
pecting can be used most completely and exhaustively [13]. 
The role of materials of remote imaging in geological 
prospecting is varied: some tasks can be completely han- 
died by using photographs (bridging of observation points, 
mining facilities, wells, geophysical profiles and the like), 
other jobs use photographs in part (ascertainment of 
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geological features, studying the morphology of folds and 
faults). In solution of certain problems, remote imaging 
materials are used only in an auxiliary capacity (studying 
the physical properties of rocks, dividing up deposits with 
respect to age, and so on); frequently they enable selection 
of the one model that most completely corresponds to 
actual available material from a set of such models of the 
geological structure of the region being studied. And 
finally, there still remains a significant group of tasks that 
cannot be effectively handled by using remote imaging 
materials in consequence of their inherent limitations. 
These relate chiefly to the investigation of the material 
composition of rocks, especially metamorphic and mag- 
matic rocks, establishment of the primary structure of 
metamorphic formations and location of minerals (table). 





Jobs that are gone in a group geological survey on a scale of 1:50,000 in accordance with “Instructions on Organizing and 
Carrying Out Group Geological Survey on Scale of 1:50,000 (1:25,000)” (generalized with respect to groups of jobs 
according to the author's expert estimation) 
























































Jobs Aerovisual Types of remote imaging 
observations ; 
from space from aircraft 
Television and Photographic Multispectral Photographic IR-thermal Radar 
optoelectronic 
Bridging of observation + ++ ++ ++ +++ + + 
points, wells, mining 
facilities and the like 
Determining boundaries + . ++ ++ +++ + + 
of geological features with 
accuracy on terrain of at 
least 100 m 
Investigating stratified + +- + + + + 
formations 
Studying quaternary + + ++ + ++ + + 
deposits 
Studying magmatic rocks + : . + + + + 
Studying intrusive bodies + - + + ++ + 4 
and associated dike and 
vein formations 
Studying metamorphic + - + + ++ + + 
rocks 
Studying volcanic and + + + + ++ + + 
sedimentary-volcanic 
formations 
Studying relief ++ + ++ ++ +++ : +4 
Studying general questions ++ +++ +++ ++ +++ + +4 
of tectonic structure 
Investigating folded + + ++ ++ +++ + + 
structures 
Studying fault disloca- + + + + +++ + + 
tions 
Studying weathered crusts + + + + + + + 
Studying geological - + ++ + + + 
formations 
Establishing patterns of - + + + + + + 
location of minerals 


























Note: “‘+’"—RSD should be considered; “++"—job done by using RSD, “+++'"—job done mainly by using RSD; “-"—job not done 
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The growing role of SAGR in the geological prospecting 
process does not at all mean that these studies might 
completely replace other kinds of geological prospecting: 
description of outcroppings, selection of fauna, geochem- 
ical and geophysical research and the like. Satellite and 
aerial geological research is not possible without extensive 
integration with other forms of geological prospecting 
involving both direct (contact) investigation of geological 
objects and remote sensing (for example, the major 
fraction of geophysical studies). 


Closely tied up with the question of the capabilities of 
SAGR in the geological prospecting process is the question 
of the effect of such research on improving the economic 
effectiveness of geological prospecting production. The 
problem can be examined in two aspects. First of all, 
economic effectiveness is achieved by organic incorpora- 
tion of SAGR into the production process. Introduction of 
this type of research into geological prospecting produc- 
tion, despite the necessity of added expenditures, leads on 
the whole to a considerable savings of material and labor 
resources. This can be judged from the example of new 
kinds of regional geological surveying jobs that to a con- 
siderable extent are based on the use of remote imaging 
materials (APGM, SPGM, GIP [not further identified] 
and others). 


Aerogeologiya Association developed and subsequently 
extensively introduced into geological prospecting practice 
in the system of the USSR Ministry of Geology: group 
geological imaging and aerial photographic geological 
mapping on a scale of 1:200,000, satellite photographic 
geological mapping on a scale of 1:1,000,000 (1:500,000), 
on-ground verification of results of interpretation of aerial 
and satellite imaging materials, geological-mineralogenic 
mapping on a scale of 1:200,000, and satellite structural 
mapping of petroleum and gas bearing territories on a scale 
of 1:200,000 (1:100,000). The introduction of these kinds 
of jobs enabled generalization of data about the geological 
structure of individual territories of the USSR and repre- 
sentation of these data from a new standpoint, expeditious 
mapping of territories that had not been previously cov- 
ered by medium-scale geological cartography, answering 
numerous questions about geological structure and the 
outlook for locating mineral deposits in individual regions, 
thereby saving considerable material resources. 


Mention should be made of yet another important specific 
feature of aerial and satellite geological studies and new 
kinds of jobs based on such research: they speed up the 
geological prospecting process and provide information 
about geological structure in a shorter time than conven- 
tional kinds of geological prospecting. The figurative 
expression of “compressing” economic time and raising 
the ‘‘value”’ of astronomical time is applicable to them in 
full measure. 


The capabilities of SAGR are tied up to a considerable 
extent with the tendency to redistribute the volumes of 
geological prospecting work among types toward less cap- 
ital intensive on the stage of regional geological studies. 


In consequence of the obvious effectiveness of introducing 
materials of aerial imaging, and subsequently satellite 
imaging as well, into the geological surveying process in the 
USSR even prior to 1941, and especially in the post-war 
period, instructional-procedural documents were drawn 
up ordering mandatory use of RSD in geological surveying 
jobs on all scales from 1:1,000,000 to 1:50,000. 


The advantages of remote methods of geological research 
are fully recognized and extensively used in developed 
capitalist nations. For example, the U.S. Geological Ser- 
vice conducts all geological surveying and prospecting 
projects with mandatory use of aerial and satellite images. 
Aerial and satellite geological research was introduced in 
the United States in the seventies against the background 
of a considerable increase in appropriations for geological 
surveying and investigation of mineral resources. 
According to a tentative assessment, the annual savings in 
the field of geology due to the use of satellite information 
runs into the millions of dollars. According to estimates of 
U.S. experts, the resultant cost reduction of prospecting for 
solid minerals has been roughly an order of magnitude, 
and the cost of seismic prospecting in petroleum and gas 
bearing regions has been reduced by 20-50 percent [3]. 


Until recently, SAGR has been used mainly in regional 
geological prospecting, which is reflected in the radical 
advancement of this stage of geological prospecting pro- 
duction. In connection with the increased extent of geolog- 
ical investigation of the territory of Russia, attention 
should be given in the near future to improving the 
technology of SAGR in location work. Consideration 
should also be given to that fact that it 1s location work that 
is currently most capital intensive. 


Satellite and aerial geological research aimed at improving 
locating technology is developing in several directions: 
methods are being improved for using remote imaging 
materials in detecting and studying patterns that confirm 
the location of mineral deposits, methods and approaches 
are being developed for studying the depth structure of the 
earth’s crust from materials of small-scale aerial and 
satellite imaging, and new possibilities are opening up for 
improving the interpretability of the material structure of 
rocks in connection with the advent of multizonal and 
multispectral imaging. The latter is premised on extensive 
use of computer technology and special equipment of 
synthesizing analyzer type that enhances the effectiveness 
of visual interpretation. 


SAGR is being extensively and successfully used in 
locating petroleum and gas deposits. On the first stage of 
the locating phase, the use of RSD is solving such problems 
as establishing specific features of the structure and the 
boundaries of a sedimentary basin, assessment of the 
prospects of its petroleum and gas potential, studying 
paleotectonic conditions and choosing priority areas for 
further research. On the next stage of the locating phase, 
remotely sensed data are an aid to detailed investigation of 
geological structure, pinpointing local traps in various 
structural levels, selecting priority objects and detailing 
their structure in preparation for exploratory drilling. A 
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detailed study of the geological structure of specific sites, 
including delineation of blocks, faults and the like, is the 
content of the concluding stage of the locating phase, and 
cannot be reliable without the use of RSD [4, 14]. 


On the prospecting phase of acquisition of petroleum and 
gas deposits, the use of RSD is limited, although we do find 
convincing examples of using RSD to solve specific prob- 
lems in projects of the All-Union Scientific Research 
Institute of Petroleum and Gas [5]. 


Most research and production work involving the intro- 
duction of SAGM in locating petroleum and gas is aimed 
at finding petroleum and gas traps, especially local struc- 
tures of the sedimentary sheath. as well as ancient reef 
building. However, at VNIIKAM, O. I. Karasev has devel- 
oped a patented method of direct delineation of petroleum 
and gas pools from satellite photographs [21]. 


Satellite and aerial geological methods have distinguished 
themselves in the solution of problems of regional metal- 
logeny and ore geology. It has been established that RSD 
interpretation provides a large amount of new information 
about geological structure, and especially about the tec- 
tonic situation: previously unknown faults, ring structures, 
ring and arc-shaped faulting [9]. Analysis of satellite pho- 
tographs in tectono-magmatic and metallogenic studies 
with the enlistment of geological-geophysical and 
geochemical data enables ore-confirming and ore- 
concentrating faults of the earth’s crust to be distinguished 
among the entire diversity of faulting structures [1]. The 
possibilities of satellite imaging materials create prerequi- 
sites for compiling specialized satellite photographic met- 
allogenic maps [20]. In recent years, the most interesting 
results in locating ore deposits have been obtained in 
multispectral imaging in narrow spectral intervals [9]. 


Remote imaging materials are extensively used on various 
levels of hydrogeological and engineering-geological 
research. For example, problems that are solved in the 
course of hydrogeological work pertain to the following 
questions: processes of formation of ground water and 
their patterns of distribution; the water balance and under- 
ground water resources; their artificial filling and protec- 
tion from unproductive discharges and pollution; 
hydrogeological mapping and zoning. 


Objects of hydrogeological interpretation are convention- 
ally divided into two categories: 1) rock wetness directly, 
including artificial water-collecting structures; 2) indi- 
vidual elements and components of the landscape, entire 
units of the landscape (natural-territorial systems) within 
which the hydrogeological situation is studied. The meth- 
odology differs for recognition of objects of different 
categories [15]. 


When studying ground waters and associated processes by 
using aerial and satellite photographs, the following spe- 
cific tasks are done: determination of parameters of the 
first aquifer below the surface (its depth, degree of miner- 
alization of water); investigation of processes related to 
ground waters, and also the components of their regime, in 
particular determination of regions of supply of ground 
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waters due to filtration of surface waters, and regions of 
discharge of ground waters into river valleys and channels; 
investigation of the hydrogeology of wetlands. 


In studying processes of formation of ground waters and 
the global (regional) patterns of their distribution, in the 
course of satellite and aerial geological research a distinc- 
tion is drawn between different hydrodynamic regions of 
ground waters; the main directions of motion of ground 
waters from supply regions are determined; an investiga- 
tion is made of the regional specifics of location of ground 
waters (confinement to artesian structures, tectonic frac- 
tures, karstic rocks, and so on); zonal physical and geo- 
graphic factors of the distribution of ground waters are 
ascertained [18]. 


When using satellite and aerial geological methods to study 
elements of the water balance, resources of ground waters, 
their artificial filling and protection from depletion and 
pollution, the following problems can be solved: acquisi- 
tion of data required for determining the water balance; 
determination of the magnitude of supply and motion of 
ground waters on a geomorphologically unified territory 
based on compilation of maps of the distribution of 
lithological differences of surface deposits; rough determi- 
nation of dynamic reserves of fresh underground water 
based on establishing the phytocenological and ecological 
nature of vegetative communities tha: comprise the dis- 
charge region; determining sites suitable for artificial 
ground water recharge; studying the regulation and distri- 
bution of surface runoff for purposes of resolving issues of 
artificial filling of underground water reserves; monitoring 
the contamination of surface waters. 


In hydrogeological mapping and zoning with the use of 
remote imaging materials, in addition to the enumerated 
tasks, the areas of prevalence of various kinds of waters are 
distinguished: interstitial, vein-interstitial, void, karstic, 
and areas with identical hydrogeological conditions in 
regions of development of loose sedimentary masses, and 
so on. In engineering-geological research, remote imaging 
materials are used in determining engineering-geological 
conditions, ascertaining their global and regional patterns, 
in engineering-geological mapping and zoning, studying 
physical geological processes, and ascertaining the impact 
of man’s engineering activity on changes in the natural 
environment [18]. 


Particularly extensive use is made of SAGM in the study of 
physical and geological processes, in particular erosive, 
abrasive, landslide, mudflow, ash, cryogenic, karstic, gla- 
cial and so on [17]. In this context, imaging materials can 
be used to study the evolution of processes on an area and 
in time, to get a quantitative estimate of their intensity, to 
study regional features of exogenous processes caused by 
geological-tectonic conditions; zonal specifics of processes 
caused by climatic and meteorological conditions; 
dynamics of processes caused by particular natural or 
anthropogenic factors. 


In ascertaining the influence of man’s activity on a ch. 1ge 
of nature, satellite and aerial studies can give an idea about 
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the status of earth landscapes as a whole in connection 
with human industrial activity; about the activation of old 
zonal anthropogenic process and occurrence of new ones, 
the specific features of anthropogenic processes in various 
regions of the nation. The shores of seas, oceans and inland 
bodies of water are a region of active transformation of 
nature by man, and a wealth of material for studying them 
is provided by SAGM. 


An especially important place belongs to SAGM in engi- 
neering-geological mapping. Accumulated experience 
shows that remote imaging materials of different scales can 
be used to great effect on different stages of engineering- 
geological research. Aerial photographs in scales of 
1:25,000-1:60,000 are used to ascertain general landscape 
patterns and for preliminary zoning of a territory, photo- 
graphs in scales of 1:2,000-1:10,000 are used for studying 
and mapping endogenous processes and rock wetness on 
key sections [6]. 


The advent of satellite photographs and the beginning of 
experimental work on using them in hydrogeological and 
engineering-geological research brought the capability of 
creating a new field of regional studies: satellite photo- 
graphic geological mapping [18]. This mapping involves 
compiling hydrogeological and engineering-geological 
maps based on analyzing satellite imaging materials with a 
minimum volume of on-ground verification. The funda- 
mental difference between these and conventional maps Is 
that their content is based on information that cannot be 
acquired by other methods, or can be acquired only with 
inordinate expenditures of time and materials [18, p 11]. 


It is mainly aerial and satellite photographic materials that 
are used in solving hydrogeological and engineering- 
geological problems. In recent years, 1t has become pos- 
sible to use aerial infrared imaging materials for these 
purposes, and in the solution of some problems (chiefly 
associated with studying tectonics, and in particular 
fracture faults), radar imaging as well. 


In recent years on the wave of general attention to the 
environment of human habitation there has been intensive 
introduction of SAGM into ecological studies. Investiga- 
tion of the influence of the geological component of the 
landscape, geophysical and geochemical fields, hydrogeo- 
logical conditions, processes that take place in the earth’s 
crust and are caused by man’s mining and economic 
activity has been formed into an independent division: 
ecogeology (usually called geoecology, which obviously 
does not correspond as well to the meaning). Remotely 
sensed data are used in the following areas of ecogeological 
research: ecogeological cartography, aerospace monitoring 
of the geological environment, on-the-spot investigation of 
man-made and natural disasters. 


The goal of ecogeological cartography is to record the 
status of the natural environment (and especially its geo- 
logical component and geological processes) at the time 
when the map is compiled. As of now, a wealth of 
experience has been accumulated in compiling ecogeolog- 
ical maps: from overview and small-scale maps of the 


territory of the entire nation to large-scale and detailed 
maps of individual districts of large municipal agglomer- 
etions. For example, Aerogeologiya GNPP [not further 
identified] has compiled the following ecogeological maps: 
territory of the entire former USSR on a scale of 
1:4,000,000; individual regions of Russia (Yamal, Moscow 
Oblast, Kamchatka) on a scale of 1:1,000,000-1:200,000, 
for some regions of Moscow on a scale of 1:10,000-1:5,000. 


Many tasks of ecogeological cartography match with the 
tasks of other geological surveying work (ascertainment 
and contouring of geological bodies, ascertainment and 
classification of fracture faults, and so on). Among the 
specific tasks that are inherent only in this kind of work 
and that are accessible to SAGM are the following: inves- 
tigation and quantitative evaluation of the scale and inten- 
sity of both natural geological processes (soil slip, 
landslides, swamping, karsts, suffosion, mudslides and the 
like), and those caused by industrial activity (reworking 
the shores of reservoirs, subsidence troughs over mines, 
man-made karst, wind-blown and washed out spoil banks, 
and the like), investigation of territories newly formed as a 
result of industrial activity (water storage, badlands, sludge 
ponds, ore spoil banks, and so on), investigation of geolog- 
ical processes on revegetated territories with evaluation of 
their trends, scales and intensities; investigation of the 
conditions, types and scales of sources of contamination of 
ground water, results of water management measures (effi- 
cacy of drainage in construction, in land reclamation, state 
of preservation of walls of water channels, ascertainment 
of points of filtration in them), and so on. 


Aerospace monitoring of the geological environment 
(ASMGE) is understood to mean a system of regulated 
periodic remote observations of the state of the geological 
environment and space-time shifts under the influence of 
natural and industrial factors [16]. Ultimately, the goal of 
ASMGE is preparation of local and regional forecasts of 
change in the geological environment for making timely 
management decisions. 


In addition to its purpose and tasks, ASMGE is premised 
on compilation of an ecogeological map as a base founda- 
tion that fixes the status of the natural (including geolog- 
ical) environment at the time of starting regular 
observations. In virtue of this, the problems to be solved 
by using aerospace imaging materials during organization 
and when conducting ASMGE are similar. However, in 
ASMGE more attention is given to the dynamics of 
geological processes, and in particular to their trend, 
intensity and time changes, as well as to the patterns of 
change of industrially determined forms of relief. 


The purpose of using RSD for on-the-spot investigation of 
man-made and natural disasters is primarily objective 
determination of faults in natural and industrial environ- 
ments and determination of the dimensions of the disaster 
to work out steps for cleaning up the aftermath or reducing 
its impact. There is not much experience in work of this 
kind so far, but what there is confirms that RSD in some 
cases provides information that is unique and irreplace- 
able. For example, following the Spitak [Armenia] earth- 
quake on December 7 1988, routine aerial imaging done by 
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Aerogeologiya for two weeks after the incident, especially 
plan-view and perspective aerial photographs, provided an 
objective picture of the location of newly formed cracks in 
the earth's crust, and the real destruction of buildings and 
structures. 


The initial picture of destruction was radically changed by 
subsequent work on cleaning up debris. At the same time, the 
actual record of destruction of buildings, construction 
projects and structures enables not only objective assessment 
of the force of underground tremors (remember that this is 
the basis for any scale of definition of the force of earth- 
quakes), but also reconstruction of the intricate pattern of 
propagation of elastic waves in the earth’s crust. This infor- 
mation could not have been obtained by other methods. 


The significance of SAGM in geological research is primarily 
that it enables the geologist to construct and study a geolog- 
ical model of the terrain that most fully reflects reality. In the 
process of satellite and aerial studies, fundamental scientific 
data are obtained about patterns of the geological structure 
and evolution of the earth. For example, it has been estab- 
lished that a major role 1s played by structures of central type 
(ring structures) of varied origin in the crustal structure of the 
most diverse tectonic regions, and also that heterogeneous 
lineaments of different ranks from planetary cracks to trans- 
continental fractures have developed everywhere, and in 
some cases have decisive significance. 


In the course of satellite and aerial studies. some patterns 
of regional order have been discovered. For example, 
within the confines of crystalline shields, structures of 
central type have been mapped with diameters of many 
tens and hundreds of kilometers that are apparently the 
remains of an ancient protocrustal. and perhaps even lunar 
stage of development of the earth’s crust (nucleators). It 
has been established that the block structure of the base in 
platform regions is manifested in the sedimentary sheath 
by zones of increased cracking and accumulation of local 
structures. It has been found that transverse faults and 
zones oriented diagonally and orthogonally to the general 
strike of the folds play a major role in the structure of 
folded belts. An intricate semicircular pattern formed by a 
combination of volcanic-tectonic and volcanic-plutonic 
structures has been established in paleovolcanic regions. 


The author has not set himself the task of making any kind 
of complete survey of work illustrating the successful 
application of RSD in various geological studies. Our 
purpose has been to show that satellite and aerial geolog- 
ical methods are firmly entrenched in the technology of 
diverse geological prospecting jobs, and are an irreplace- 
able component of the geological prospecting process. 
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Infrared Aerospace Imaging: Achievements and 
Outlook 

957N0027A Moscow OTECHESTVENNAYA 
GEOLOGIYA in Russian No 6, Jun 94 pp 22-26 


[Article by B. V. Shilin and V. I. Gornyy; UDC 528.7] 


[Text] In the late sixties developments were begun in the 
field of theory, hardware and methods of infrared aerial 
imaging (iAI) and later satellite imaging (ISI). This remote 
method has dramatically expanded the capabilities of 
applied geothermy as a geophysical method thanks to the 
fact that IAI and ISI, as contrasted with existing point 
geothermal methods, fix the geotemperature field (GTF) 
over large areas in real time with high space and temper- 
ature resolution, recording the conductive and convective 
components of heat flux and directly solving one of the 
inverse problems of geophysics: ascertainment of the shape 
and dimensions of perturbing objects. At the same time, 
the problem has arisen of accounting for the rapid vani- 
ability of the geotemperature field in interpreting materials 
of infrared aerospace imaging (IASI). 


Al this has predetermined three basic areas of research: 
development of effective airborne IR-scanners; theoretical 
estimations and ground-based validation of thermal effects 
on the earth’s surface; development of technologies for 
solving applied problems by using IASI and extensive 
practical application of these technologies. 
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Basic characteristics of 








Name, year of production, developer 


Spectral channels, pm 


——$————$___ 


Temperature sensitivity 7(°C) =| Instantaneous angle of view, 
against a background of 20°C minutes of arc 



































Vulkan, 1975, AOMZ 3-§ 8-13 J.$-1, 0.2-0.3 7 

—— ————eee — —_-_—___ > — — ————— —__ — — oo —4 a ——$_— ——— ——— 
Malakhit, 1991, AOMZ 8-13 02 s 

Yashma (MB, 19S). AOMZ 6 narrow bands 1n band of 8-13 O.1 for channel 8-13 9-10 

Vezuviy ER. 1994. NIIKE OFP. 4-1.0.9-1.7, 3-8 8-12 0.1 for channel [sic] 3.$ or 0 

Sosnovys Bor > (4-1; 0.9-1.7, 1.$-2.5; 8-12 


2 18-2.$-2-8 8-]2 
"ach integrated channe! may be 
divided inte 8 narrow bands 





From 1979 through 1988. in accordance with a request for 
proposal of VNIIKAM [the All-Union Scientific Research 
Institute of Satellite Aerogeological Methods]. the Azov 
Plant produced series of the Vulkan two-channel IR- 
scanner (table). Several dozen instruments were made 
during this period. An advantage of the IR-scanner 1s the 
wide range of its operating speed. enabling installation of 
the instrument on anv carriers with flight altitude of 
50-8000 m. As a result. infrared aerial images can be 
obtained in scales from 1:1500 to 1:200.000. Since 1991, 
in accordance with a request for proposal of VNITKAM, 
the Azov Plant has been producing series of the Malakhit 
IR-scanner. Development ts being completed on the 
Yashma multispectral IR-scanner and the Vezuviy EK 
muitispectral scanner in the visible. near infrared and 
thermal! bands. the characteristics of Russian scanners 
correspond to foreign analogs [3]. They are suitable for 
accommodation in airplanes and helicopters of all types. 


The geotemperature field is determined by the nature, 
power and distribution of heai sources. the thermal prop- 
erties of rocks. and the laws of their behavior. Heat sources 
are usually divided into external (solar radiation). which 1s 
variable. and internal (radioactive decay. dissipation ot 
tectonic energy. exothermic reactions in the earth’s crust, 
and so on), which are quasistead\ 


Thus, the GTF reflects both the properties and structure of 
the earth's crust. and the landscape conditions on the 
surface, and includes information that is “useful” in the 
solution of a specific applied problem. and noise. This 
makes it necessary to have preliminary experimental and 
theoretical estimates of both the anomalies that arise in the 
earth’s crust. and the possibilities of recording them by 
IASI, as well as recognizing them against a background of 
interference [3]. 


Anomalies of constant temperature field. Underground fires 
of combustible minerals. As shown by estimates done for an 
underground fire of a coal bed in the form of an infinite 
horizontal cylinder at constant air temperature and heat 
exchange on the surface by Newton's law, the temperature 
contrasts that arise on the surface due to conductive thermal 
conductivity from a long-lived fire at depths of more than 
25-30 m will be less than 0.5°C. which is comparable with 


natural fluctuations of the GTF. In the presence of convec- 
tive heat transport through cracks, IASI can detect under- 
ground coal fires to depths of 100 m or more. 


Theoretical studies have been confirmed by the results of 
1A], and by surface geothermal studies done by VNIIKAM 
and the Coal India Company on large underground fires of 
the Dzhariya Coal Fields. Surface studies included an 
infrared radiometric survey. a thermometi.c survey by a 
special method, we!l drilling and heat logging. A teniative 
theoretical study has suggested methods of interpreting 
results of temperature observations for the purpose of 
determining the depth and relative age of the fire. the 
Cirection and rate of movement of the fire front, and the 
amount of coal burned per year. The use of this technology 
has enabled significant relaxation of security measures in 
fire reconnaissance, and has provided maps of under- 
ground fires on a scale of i1:2000. which have been the 
basis of strategy and tactics of firefighting measures. 


Underground heat supply systems Estimates have shown 
that for heat mains with p:pe diameter of 0.8 m at a depth 
of 2 m, and water tempe:ature in the pine of +80°C. the 
maximum value of temperature contrast may reach +4°C. 
and the width of the heated zone may be 10 m. When rated 
design conditions are not observed, the insulation ts 
broken oi there is leakage of heat-transfer agent, anomalies 
increase and can be readily spotted and recognized by 
modern airborne IR-scanners at low flight altitudes [2]. 


Deposits of radioactive ores. Temperature anomalies 
amounting to several degrees have been established by 
numerous researchers on hyd:iocarbon deposits. The 
nature of the anomalies has not been fully ascertained. 
Most probable are processes of oxidation of hydrocarbons 
migrating from the depths, the change of thermophysical 
characteristics of rocks in the upper part of the geological 
cross section, dissipation of the energy of tectonic stresses 
of intensively growing structures. and vertical migration of 
fluids. VNIIKAM in cooperation with BP Exploration 
Corporation has done research on temperature anomalies 
associated with gas structures of Middle Asia, including 
multiple NOAA satellite infrared imaging. as well as 2 
system of on-grcund measurements (vehicular IR- 
radiometric and spectrometric surveys, measurement of 
the thermal conductivity of rocks in situ in host rock, study 
of vegetative cover and surface relief). As a result, two 
hypotheses were assumed for further verification: micro- 
climate action of relief and vertical migration of fluids. 
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Russian IR-scanners 

















Angle of coverage, deg Maximum ratio of velocity to Type of recording Cooling system Mass, kg 
flight altitude (1/C) 
90 0.3 Photographic film ” Liquid nitrogen 150 
120 7 0.2 same Closed gas $0 
80 0.2 Digital same 50 
80 0.2 same same 80 

















Analogous imaging done by VNIIKAM in the vicinity of 
large gas fields of Northwestern Siberia has shown that 
almost all large gas deposits are indicated by positive 
temperature anomalies. Moreover, some of these anoma- 
lies can be traced even in the offshore region. Considering 
the aligned relief of the region and the presence of anom- 
alies of the GTF on water, the hypothesis of vertical 
migration of fluids from the deposit to the surface is most 
probable. In this case, IASI becomes an effective means of 
rapid assessment of the outlook for large regions of hydro- 
carbons on the deposit. 


Thermal waters. The efficacy of using IASI both in looking 
for thermal waters associated with active vulcanism, and 
in studying active volcanoes, has been proven by many 
studies, and is determined by considerable differences in 
the temperature of objects and of the ambient landscape 
[1]. At VNIIKAM, based on the example of Sakhalin 
Island, technology has been developed for locating thermal 
waters that are not associated with the occurrence of 
vulcanism, but with the occurrence of high rates of eleva- 
tion of heated waters from great depths through weakened 
zones of stretching in the earth’s crust where, according to 
the latest notions of theoretical geothermy, a system of 
convective circulation cells is formed. The technology 
considerably reduces expenditures on drilling for thermal 
waters. 


Heat flux from the depths of the earth. Classical methods of 
measuring heat flux in deep holes are based on the theory 
of conductive heat transfer. In tectonically active regions 
(e.g. Western Turkmenia, the Mediterranean and West 
Arabian rift systems), intensive convective upwelling of 
heat from the depths of the earth is observed, and as a 
result the measurements of flux in holes here are mosaic, 
1.e. alternation of lowered and elevated values are noted. 
On the other hand, analysis of ISI materials shows that 
tectonically active regions, including rift systems, are indi- 
cated by areal anomalies of the GTF. Therefore, ISI in the 
only method that can be used as a basis for plotting a map 
of the total heat flux of the earth’s crust that actually 
(though with a greater error) reflects the distribution of this 
parameter. 


Anomalies of the variable geotemperature field. The vari- 
able GTF can be exactly calculated on the basis of solution 
of a system of differential equations of thermal conduc- 
tivity with boundary conditions on the surface in the form 


of a heat balance equation. The main patterns of formation 
of the variable GTF are established by simple expressions. 
For example, the temperature contrast A/ that arises on the 
surface of a homogeneous object with thermal character- 
istics that are anomalous compared with the host rock 
under the action of simple harmonic oscillation of external 
heat sources can be represented as 


Al = q,/(P,w'”) sin (wt-. “*’ 
(1) 


where g, 1s the amplitude of oscillations of heat flux, w is 
angular frequency, t is time, P, is the apparent thermal 
inertia of the object, P, = (P, - P,,/P,P,), P.. P, is the 
thermal inertia of the object and of the host rock back- 
ground, A is the coefficient of thermal conductivity, C is 
specific heat, p is density. 


The temperature over a deeply buried object with thermal 
characteristics A,, C,, p, can be written as the very simple 
expression 


f= lh, + Af, (2) 


where /,, is background temperature, A/ is temperature 
contrast above the buried object in consequence of peri- 
odic heating. 


At = go/(P,w'’) ZRe*khy,sin(®,-2khy,), 
(3) 


where ¥,, = (w/2a,)’”” is the coefficient of attenuation of the 
temperature wave in the laver overlying the object, and a,, is 
the thermal diffusivity of the overlying layer. 


Equations (2) and (3) imply that variable temperature 
contrasts may occur above objects with contrasty thermal 
properties embedded in a zone of variable temperatures, 
and that the amplitude and phase of these variable con- 
trasts will depend on the depth of occurrence and the 
thermal properties of the host rock. 


Expression (3) enables estimation of the depth ratio of 
IAI when recording variable depth anomalies of the 
GTF, i.e. the capacity to detect objects at maximum 
possible depth. For annual thermal rhythms, the depth 
ratio of IAI is estimated at 0.5-1 m, and for diurnal 
variations it is 0.5-2 cm. 








This report may contain copyrighted material. Copying and dissemination 
is prohibited without permission of the copyright owners. 














Thus, expressions of type (1)}-(3) enable analysis of the 
interrelationship between physical quantities, and plan- 
ning of a numerical experiment with more complicated 
mathematical models. 


Sulfide deposits. Most investigators relate G1F anomalies over 
sulfide deposits to exothermuc reactions of sulfide oxidation. 
Theoretical estimates that we have made with allowance for the 
assumption that the rate of oxidation of sulfides in an ore body 
is determined by the rate of surface erosion have shown that 
such anomalies are no more than thousandths of a degree, i.e. 
they are below the sensitivity of airborne infrared imagers. 
Therefore, to ascertain the nature of GTF anomalies over 
sulfide deposits by using a two-dimensional model of the GTF, 
thermal processes were modeled in the upper section of the 
geological profile above the deposit. It was established that over 
an ore body under the action of annual therma' rhythms, 
variable temperature anomalies will be formed that may be as 
much as several degrees. Inversion of the sign of the anomalies 
should be observed both in depth and in time. These conclu- 
sions have been experimentally verified on deposits of copper- 
porphyry and pyrite formations by measurements in holes in 
different seasons and at different depths. In situ observations 
have confirmed the theoretical conclusions and demonstrated 
the variable nature of temperature anomalies above sulfide 
deposits [3]. It has become clear that the anomalies are deter- 
mined by the ratio of thermal characteristics of near-ore shifts 
and host rocks. A further detailed study was done on the 
thermal characteristics of rocks and ores. Based on the resultant 
data and using mathematical modeling of variation of the GTF, 
it has been shown that IAI can reliably reveal near-ore changes 
in rocks. Imaging done in large volume in the ore regions of 
Central Kazakhstan have confirmed these conclusions. 


Salts of different compositions. The anomalies of the GTF 
caused by differences in the characteristics of salts of 
different compositions, such as hallite aid thenardite [1] 
that make up the surface of dry salt lakes, enable effective 
use of IASI for observing the hydrogeological and hydro- 
chemical regime of such large salt-producing basins as the 
Kara-Bogaz-Gol Gulf, the Aral Sea, and others. 


New areas of application of IASI. The advent of infrared 
channels on multispectral satellite systems has opened up new 
possibilities for applied geothermy. As a result of detailed 
analysis of more than 9000 infrared satellite images of Middle 
Asia acquired from NOAA satellites, a relation has been 
found between the sporadically arising positive temperature 
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anomalies of regional scale and the seismic activity of the 
region [2, 3]. A study of the nature of formation of these 
anomalies gives tentative evidence that they are related to a 
local greenhouse effect that arises in consequence of the 
increasing flow of optically active gases (CO,, CH,) from the 
lithosphere and ground layer of the atmosphere preceding 
earthquakes. It has been established that there are sections of 
the earth’s crust situated at a distance of up to 500 km from 
the epicenter of a forthcoming earthquake that most inten- 
sively alter their characteristics in the period preceding an 
earthquake. This means that the reliability of earthquake 
prediction can be improved by placing forecasting ground 
stations in these sections. 


At the present time, IASI is being used to study processes 
of active vulcanism on different stages [1], and to study 
regions of ongoing hydrothermal activity [1]. 


For arid and semiarid regions, extensive use is made of a 
method of locating underground water based on the high 
sensitivity of IAI to changes of moisture content of the 
earth’s surface and the cooling influence of evaporation. 
Interpretation of IAI materials acquired at the optimum 
time of day enables a considerable reduction in the vol- 
umes and areas of on-ground locating work, and proper 
selection of the spot for drilling wells. 


Close to the foregoing is the problem of monitoring the 
status of irrigation systems and detecting leaks from irri- 
gation canals. Leaks are often detected because of the 
cooling effect of evaporation. 


Infrared aerial photography is being successfully used in 
compiling maps of sources of pollution of bodies of water 
with a high industrial load (e.g. in the eastern section of the 
Bay of Finland and the deltas of the Neva, the Daugava in 
the vicinity of Riga and the Kama), in evaluating and 
mapping the scaies of thermal pollution of cooling ponds 
of nuclear power plants, monitoring dumping of petroleum 
products into bodies of water, and so on. 


The problem of monitoring the status of underground 
systems of heat supply to cities is exceptionally urgent for 
nations of Eastern Europe and Siberia [2]. Infrared aerial 
imaging has been effectively used in Moscow, Si. Peters- 
burg, Chelyabinsk, Perm, Kiev, Kishinev and other cities. 
Methods are being developed for monitoring leaks from 
gas and oil mains. In this context, significant updating of 
JR-scanners is needed with regard to conditions of ongoing 
monitoring. 
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Further development of remote methods in the infrared 
band in Russia are taking the following directions: 


1. Improving the technical characteristics of airborne and 
satellite equipment by enhancing resolution, increasing 
the number of channels, converting to digital data 
recording and computer-aided processing (see the table). 


2. Studying the nature of features and phenomena estab- 
lished by IAI and ISI, such as temperature anomalies 
that are indicators of seismic activity for the purpose of 
practical application. 


3. Developing methods of measuring quantitative charac- 
teristics of the earth’s surface: the apparent thermal 
inertia of the landscape, heat flux and heat losses, 
evaporability of moisture from the surface, material 
composition of geological systems. 


4. Introducing methods into production, especially in 
areas associated with energy savings: monitoring under- 
ground municipal heat supply systems and power 
plants, efficient use of intake water by nuclear and 
fossil-fuel electric power plants, monitoring leaks 1n o1l 
and gas mains, environmental protection, locating new 
deposits of hydrocarbon mineral fuels and geothermal 
water. 
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Spectrometric Research by VNIIKAM 
957N0027A Moscow OTECHESTVENNAYA 
GEOLOGIYA in Russiar. No 6, Jun 94 pp 27-34 


Article by S. G. Slutskaya and V. G. Surin; UDC 535.853] 


[Text] VWNIIKAM-LAEM |the Laboratory of Aerial 
Methods] organized in 1944 on the basis of the Standing 
Committee on Using Aerial Photography of the USSR 
Academy of Sciences, began its activity by working out 
recommendations on the use of camouflage, which 
required knowledge about the reflectivity of natural 
objects. Solution of these special problems over a period of 
several decades led to formulation of research in LAEM on 
the optics of the landscape, required for developing the 
theoretical principles of aerospace methods in the interests 
of geology and ecology. 


Studies of the optical properties of natural objects were 
based on years of experience (beginning in 1917) of prede- 
cessors: G. A. Tikhov [39, 40], V. V. Sharonov, [45], Ye. L. 
Krinov [7], and V. A. Faas [42], who founded and devel- 
oped methods of studying the optical characteristics of 
elements of the landscape and the way that they are 
affected by meteorological and geographic factors, as well 
as the principle of spectrophotometric classification of 
natural objects by their spectra. 


The area of spectrophotometric instrument making was 
started in LAEM at the initiative of N. G. Kell and K. S. 
Lyalikov. Original ground-based and airborne spectrome- 
ters were developed, using photoelectronic radiation 
receivers that were the most progressive for that time. 


Experimental models of spectrometers made in the LAEM 
machine shop were the result of the creative efforts of a 
large team of specialists who invenied, designed and built 
the instruments and developed no less than world-class 
methods of measurements and spectrometric research. 
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1. Basic characteristics 

Instrument Dispersing componert Spectral region, am 

RShch-! airborne spectrometer with photocell Diffraction grating, 600 mm-! 496-662 

PSF (ground-based) field spectrophotomcter Replica diffraction grating 600 mm-! 400-1000 

Airborne spectrometer for determining Disk with interference light filters 

hydrooptic characteristics 

Recording spectrozonal telephotometer for Light filters ZhS18, SZS10 450-630 

measuring photographic brightness (singie- 

chan “l, airborne) 

Air ne zonal telephotometer (1962 version) Changeable light filters 400-1000 





TZ-2 two-channel spectrometer (airborne spec- 
trozonal tclephotometer) 


Disk with interference light filters 


400-1000, 555. 703, 619, 737 





S-9 recording spectrometer, 1963 


Changeable replica diffraction gratings 





























RSS-2 hand-held spectrograph, 1972 Replica diffraction grating 600 mm! 400-800 
S-8 aerial spectrophotometer, 1967 Replica diffraction grating 600 mm! 400-900 
S-12 aerial spetrophotometer, 1970 Replica diffraction grating 400-760 
Hydrometeorological telephotcemcter Interference light filters (changeable) 528 
(airborne). 1971 

Underwater recording spectrophotometer with Diffraction grating 1200 mm! 500-600 
remote control 

SPA-1 au'omated field spectrometer. 1983 Diffraction grating 600 mm’! 400-750 
SPA-2 automated field spectrophotometer Convex diffraction grating 0.4-2.5 um 





Spectrophotometers (Table |) were based on original pat- 
ented engineering approaches, were quite advanced with 
regard to parameters and in performance, and yielded 
important procedural results. Techniques were developed 
for: determining the typical composition of sand deposits 
from the air from their spectral brightness [21]; studying 
the spectral brightness of the sea [19, 22]; a generalized 
technique for spectrophotometric studies of natural covers 
of the earth’s surface [4, 5, 6, 15. 41]; a telephotometric 
method of studying the aerial photographic process and 
the quality of the aerial photographic image [26, 27]; 
substantiating parameters of detecting systems; modeling 
geological-geographic formations [24]; determining the 
rate of water discharge by the method of mixing masses, 
using an airborne hydrometric telephotometer [28]. 


In LAEM archives there is an album of spectra of natural 
features (science director V. V. Koltsov) and an album of 
absolute brightnesses of typical sections of natural forma- 
tions and their aerial photographic images (science 
director S. G. Slutskaya). These materials can be used as 
bases of spectrophotometric data. 


Beginning in 1961 [4, 5] under the supervision of 
V. V. Koltsov, several versions of photoelectronic aerial 


spectrophotometric cameras have been developed with 
scanning of the image of the terrain over an input slit. Due 
to inadequate angular resolution and geometric accuracy 
of the image, they have not found application, but the 
original engineering approaches and ideas have been 
developed in the more advanced MASK multizonal digital 
scanning system [14]. MASK imaging materials have 
enabled photometric distortions of information by equip- 
ment to be studied, and ways of reducing them to be found 
[16, 17, 43], as well as development of several methods and 
technologies [1] and establishment of the law of contrast 
accumulation during interchannel transformations of 
images and processing of images of different spectral 
channels [29]. 


At the present time, developmental work based at the 
All-Union Scientific Research Institute of Satellite Aero- 
geological Methods (VNIIKAM), Azov Opticomechanical 
Plant (AOMZ) and the State Optics Institute (GOI) is 
being completed on an experimental model of a magneti- 
cally recording multizonal scanner in the visible, near 
infrared and thermal bands. Use of this instrument will 
enable advancement of remote methods of geological and 
ecological mapping. 
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of spectrometers 
Spectral resolution, nm | Angle of view Recording method Developer, reference 
10 | x Filming of spectrograms M. A. Romanova [2!} 
8 | 14° Meter readout | K. Ye. Meleshko. R. L. Kirmaloy. T 
M. Khazanova [1 3} 
+t t 
1. V. Semenchenko [22 
180 | 9 Oscillograph with photographic paper S. G. Slutskaya [2. 25] 
recording | 
10-80 | 3x20 Film recording | V. V. Kolisov [4] 
Corresponds to sensitivity of aerial | 0°26°-13°30 K-12-22 airborne mirror- | A. Ya. Smirnov. S. G. Slutskaya. Yu 
films T-10, T-20, TsN-3, and DSS, galvanometer oscillograph, V. Maltsev. N. A. Yeviasheva [24. 31] 
AS-1, RF-3. T-14, 1-740. 10 phototracking by RFK-5 motion 
picture camera | 
2-10 | 5x30 Photographing of light spot on CRT | V. V. Koltsov [4] 
screen 
10-15 0.13x2.5° Photographic film-photocell V. V. Koltsov [5] 
10-15 Wnx6 Synchronous photography of ierrain | V_V_. Koltsov [4] 
| on part of recorded oscillogram frame | 
7 (180x20°H 14x1.8°) Photographic recording of oscillo- V_ V. Koltsov [5] 
grams and measured section of the | 
earth's surface | 
9 26-12” Mirror-galvanometer oscillograph. | SG Slutskaya. Ye. N. Solovycva 
phototracking: “Leningrad™ camera | [28] 
20 10° Recording loop oscillograph | B.A Semenchenko. R.L. Kirmalov 
' | rs 
| it [23] 
10-15 | 10° Digstal display | R.L Kirmalov. G. P. Martynoy. T 
M. Khazanova [2. 44] 
5-20 i 10° Digital display R. L. Kirmalov, T. M. Khazanova [3] 











In connection with economic problems (the expense of 
flight missions), VNIIKAM is giving priority to field 
spectrometric measurements, which are an effective tool 
for studying the environment when solving geological and 
ecological problems. Methods of wide-band field spec- 
trometry offer the most effective solution for problems of 
distinguishing and recognizing natural features, detecting 
and diagnosing man-made shifts in the environment, and 
determining the material composition of rocks [36]. 


The main advantages of ground-based spectrometry over 
data acquisition by remote methods are much higher 
photometric and spectral accuracy and spatial and tem- 
poral detail with relatively low cost of field measurements 
[47]. 


Spectrometric field studies and technologies based on 
them that are used in geology and ecology enable solution 
of the following practical problems: ascertainment and 
investigation of geochemical anomalies; quick assaying of 


the material composition of rocks and soils; selecting 
spectral zones of imaging channels of remote equipment: 
checking and detailing results of remote observations; 
selecting optimum imaging conditions: ensuring photo- 
metric calibration of imaging systems and making radio- 
metric (atmospheric) correction. 


In the geographic information systems (GIS) that are now 
being developed, spectrometric studies can serve as a 
component part in formation of reference databases, 
refinement of geoindication models, and development of 
optimum algorithms for processing results of multichannel 
remote data [49]. 


In recent years, new more advanced field spectrometers 
have been developed at VINIIKAM with GOI as an engi- 
neering base [9, 10, 11, 12, 34, 35] (Table 2). The spectral 
range has been expanded (0.4-14 ym, covering the visible, 
near and middle IR regions), and the accuracy and degree 
of automation of measurements have been heightened. 
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2. Basic technical characteristics of field spectrometric equipment 
Instrument Type Measured 1 ym Siam sé V.. deg A% t. min Dev ebopers. 
quantity | reference 
SP-L universal Wita twc SLF 0.4-2.5 4a04- 10 7 for siiumi- 0 $-1 E ¥ Kavakdo 
field spectrometer concave 1.1 pm: 20 nance of at VN. Merkuryev. 
diffraction at 1.1-2.5 least 40.000 Ix ¥ G Sunn 
gratings um [9] 
SRP-8 14 ther- Witn diffrac- 1 andor T B-14 300-400 1$ $(AT =0 102 1-2 Vv G Sunn 
mal-band field tion grating K) (34) 
spectrometer 
PIF pulsed field Spectrozona R.. % ) 3-2.5, § $0-500 Photometric AR, =i. At, = 2 E ¥ Kuvakden 
photometer channels area of 15 2 VN Merkurvey 
mm ¥ G Senn 
Note: SLF—spectral luminance factor. i spectra! density of emittance. W ‘sr x m* x um). 7—radiation temperature. K. R-—spectral reflectance 


t%)—spectrai transmittance. A—-spectral band. Ai —spectral resolution. FV—field of view. S—measurement error. ‘—time of measurement 





The general ideology (concept) has been worked out for 
development and appl:cation of such devices. necessi- 
tating simultaneous acquisition of high spectral resolution 
and enhanced photometric accuracy. However. these two 
parameters are mutually exclusive. They cannot be com- 
bined in a single instrument (combination 1s |:mited by the 
energy factor of the spectrometer Q = Af AX-. where Ad. is 
the isolated spectral interval. Af is the frequercy bard of 
the receiving and recording sect:on. M 1s the signai/noise 
ratio determined at given A’. and Af). Besides. the mea- 
sured quantity in field spectrometers is the spectral lumi- 
nance factor with experimentally determined values 
weighted by systematic errors that vary from one experi- 
ment to the next [18. 47]. In consequence of this. the actual 
photometric accuracy of such spectrometers !s no more 
than 5-7 percent. This has necessitated development of 
mutually complementary instruments of different types. 


The first type. the classical SP-L slit spectrometer. pro- 
vides comparatively high spectra! resolution (4-20 nm) in 
photoinetric measurement of SLF of 7 percent. With 
respect to basic parameters, the SP-LU approaches the best 
model. the U.S. instrument produced by GER. being not 
quite as good in spectral resolution. but superior to the 
U.S. instrument in sensitivity. The instrument has an 
up-to-date component base. design and engineering fea- 
tures, 1s completely automated ‘has a built-in processor 
compatible with the IBM PC), is simple to operate, and has 
a minimum number of controls Both instruments (the 
SP-U ard GER) are close to the theoretically attainable 
level with respect to photometnc parameters. 


Conversely. the second type. the PIF pulsed feld photom- 
eter which measures reflectance (albedo). provides 
enhanced photometric accuracy (= 1%). At the same time, 
the limiting spectral resolution provided by changeable 
filters is 50-100 nm [10. 11]. The inclusion of a self- 
contained lighting source in the PIF instrument that sim- 
ulates the solar spectrum makes it independent of weather 
conditions and simplifies interpretation of remotely 
sensed data. This expands the possibilities for application. 
A similar U.S. instrument made by Spectrogar is inferior 
to the PIF both with respect to spectral range (it operates 
only in the visible band of 0.4-0.7 im) and with respect to 
mass (100 kg). being essentially a laboratory instrument. 


A version of the thermal IR-band SRP-8/14 spectrometer 
that 1s improved by comparison with that described 1n [34] 
1S acompromise solution with respect to sensitivity AJ and 
spectral resolution A%. As compared with the U.S. analog 
made by JPL [46], it has better photometric sensitivity 
(9.1-0.2 K as against 0.65 K). but poorer spectral resolu- 
tion (0.3-0.4 ym as against 0.1 ym). The instrument is 
controlled by an externa! personal computer. It has been 
the basis for development and certification of a facility for 
measuring the emissivity of natural features under labuora- 
tory conditions [35]. 


Research has been done at VNIIKAM on adaptation of 
specialized spectrometric equipment. including the uni- 
versal FM spectrometer: for the |.2-1.4 um band and the 
quick-response airborne SBS spectrometer for the 0.45- 
0.78 pm band (Table 3). The instruments have been 
adapted in such a way that they can be used in both 
on-ground and airborne versions [12, 30]. 
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3. Parameters of universal airborne (field) spectrometers 
Instrument Type Measered A. um | A. om FV. deg A% t, min Developers. 
| quantity | _ i | } reference 

FM near-in- With diffrac- L. SLF 1.2-2.4 120 8145". from $ at ilums 13 S G Slutskava. 

frared tion grating altstude of |! nance of at V._G Surin 

spectrometer km an area of least 20.000 [30] 
1.2.1.5 m Ix 

SBS quick- With diffrac- L. SLF 0.50-0.75 5 1-1S* $ at slums 001-1 E V. Kuvaidin. 

response air- tion grating nance of at V._G Surin 

borne spec- least 20.000 [12] 

trometer ix 


pt den % 





When recording in analog form (in the continuous mode 
for the airborne version). a Bruh! and Kjor measurement 
tape recorder is used: for the field (on-ground) version, 
digital recording 1s done via buffer storage with subsequent 
transcription to the on-board tape recorder. 


For [metrological] support of new developments, the fol- 
lowing have been developed: a laboratory ideal black body 
(IBB) with controllable temperature certification in accor- 
dance with State Standards GOST 8.106-80: special field 
standards for the thermal region of the spectrum, and 
methods have been developed for using them. 


The All-Russian Science Center of the State Optics Institute 
has developed a special field standard based on Al,O, for 
the visible and near-infrared regions of the spectrum to 
VNIIKAM specifications. This standard has relatively 
“smooth” spectral dependence as contrasted with the 
BaSO, standard, and also a lower level of reflection (roughly 
0.7) that approaches an ideal Lambert scatterer up to angles 
of incidence of radiation of ~80°. Moreover. it has 
improved performance characteristics, is not afraid of mois- 
ture, and is easily protected from contamination [9]. 


Given below are examples of the use of spectrometers for 
solving practical problems. 


FM spectrometer field studies of some Trans-Baikal rocks 
in the near infrared band have revealed paired combina- 
tions of rocks with reflection spectra that have overlapping 
sections. For these, optimum remote imaging channels 
have been selected, and an effective processing algorithm 
has been recommended that enables enhancement of the 
contrast of such rocks on the image, and simultaneous 
suppression of background contrasts [30]. 


Factors that determine the optimum conditions of con- 
ducting spectral measurements when studying objects of 
complicated relief. especially open-p:t mines, in the thermal! 
IR band are considered in [32. 38, 48]. The SRP-8/14 
spectrometer has provided new data on the emission spectra 
of rocks of mines in the vicinity of Lake Ladoga that have 
undergone weathering and epithermal shifts. 


Within the context of ground support of remote studies. 
the thermal anomaly detected by the AVHRR very high 
resolution radiometer from a NOAA satellite has been 
verified and detailed on a test section of Western Uzbeki- 
stan. the Amu-Darya oil and gas fields. As a result. a quick 
assay has been made of the silica content on the line of 
spectro metry. establishing elevated concentrations of Si0, 
in the vicinity of the thermal anomaly, which 1s an 
indicator of petroleum and gas potential [37]. 


In recent years, new data have been acquired under field 
conditions on the spectral characteristics of vegetation in the 
8-14 um band. In conducting the studies. spectral anomalies 
were noted that distinguish the spectra of the objects from 
IBB spectra. U.S. colleagues were unable to reproduce the 
similanty of the anomaly under field conditions [48]. 


There has been found to be an effect of a change in the 
spectrum of emissivity of the green mass of woody vege- 
tation over secondary scattering halos of heavy metals like 
Cu, Zn, Pb and Sn. 


The presence in soil of elevated concentrations of heavy 
mtals and excess moisture content not only raises tie 
t! ermodynamic temperature of vegetation. but also signif- 
icantly changes the entire emission spectrum. Based on 
acquired data, recommendations can be made on the rnost 
informative spectral zones in which remote diagnosis of 
geochemical anomalies can be made [38. 50}. 


Methods are now being developed on the basis of an instru- 
ment complex that includes the SBS, PIF and SRP-8/14 for 
detecting and detailing the aforementioned biogeochemical 
anomalies from stressed states of woody vegetation 


The informativeness of data acquired by the method of field 
spectrometry increases significantly with combined use of 
different instruments, and when studies are done over a 
wide band of the spectrum: from 0.4 to 14 ym [8. 20. 33}. 


Several promising directions have been contemplated for 
the use of spectrometric methods in geology, ecology and 
bioecology. when doing geochemical research. determining 
geopathogenic zones (together with methods of bioloca- 
tion), studying secondary consequences of radioactive con- 
tamination, and so on. 
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Development of Remote Methods of Studying 
Petroleum and Gas Bearing Territories at the 
Laboratory of Aerial Methods of the All-Russian 
Scientific Research Institute of Satellite 
Aerogeological Methods 


957N0027A Moscow OTECHESTVENNAYA 
GEOLOGIYA in Russian No 6, Jun 94 pp 34-38 


[Article by A. A. Kirsanov; UDC 553.98] 


[Text] At the present time, aerial and satellite imaging 
materials (ASIM) are in extensive use in the practice of 
geological prospecting for petroleum and gas. Many pro- 
cedures and technologies for doing petroleum and gas 
prospecting jobs based on purely theoretical consider- 
ations have been developed at the Laboratory of Aerial 
Methods of the All-Russian Scientific Research Institute of 
Satellite Aerological Methods (LAEM-VNIIKAM). 
Starting with the very earliest research at LAEM, proving 
grounds within the confines of petroleum and gas bearing 
territories were selected for determining the feasibility of 
using materials of aerial photography, in particular in the 
Caspian Basin. Studies were done both in the shallow part 
of the Caspian Sea and on dry land in Western Turkmenia. 


In the very first generalizing book by V. P. Mirosh- 
nichenko [8] it is shown that aerial photographs (AP) give 
the capability of acquiring new informative data about the 
geological structure in territories that are open in the 
geological sense. For example, local folded structures show 
up clearly on a photographic image, enabling interpreta- 
tion of the structure of their core and the wings of the 
lithological-stratigraphic systems that comprise them, 
faults and their spatial relations. In noting the effective- 
ness of using AP, V. P. Miroshnichenko stressed that in 
geological studies the tedious and labor-intensive work of 
plotting geological boundaries drops out to a great extent, 
and attention can be given to interpretation of geological 
phenomena. This applies mainly to regions with good 
geological outcropping for which the necessary issues of 
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interpretation have already been wc xed out in a first 
approximation, and is not as applicable to geologically 
closed territories. However, the body of materials that 
have been accumulated up to this point shows that data 
can be acquired about the geological structure of these 
territories as well by using special interpretation. 


The natural conditions of such territories are generally a 
considerable impediment to the use of conventional field 
methods of geological research. Quite illustrative in this 
respect are the Central Kara-Kum Lowlands, where clay, 
alkali, and especially ash deposits mask off forms of 
primary relief that are directly associated with the geolog- 
ical structure and various manifestations of tectonic move- 
ments. In light of this, the content and methods of field 
research here are more complicated than in geologically 
open territories where in essence it suffices to use interpre- 
tive features that reflect geomorphological patterns for the 
solution of formulated problems. 


Research done in the shallow-water zone on the Turkme- 
nian coast of the Caspian Sea enabled compilation of a 
small-scale tectonic map showing the contours of assumed 
local structures revealed by aerial visual observations and 
AP interpretation. Most of these structures were located on 
the continuation of rolling coastal emergences. All of the 
discovered local structures made good subjects for offshore 
petroleum prospecting, especially of the Zhdanov Bank [9]. 


Further research under the direction of V. P. Mirosh- 
nichenko was directed at studying the use of indicative 
relations between the ground surface and geological struc- 
ture in the body of basic components and elements of the 
morphostructure and dynamics of evolution of desert 
landscapes that are widely prevalent. Research showed 
that these relations can be seen in plenty in the desert. and 
are expressed by its individual components, and especially 
by their natural combinations represented by different 
elements of the morphological structure of desert land- 
scapes, their typological features, and dynamics of devel- 
opment, and find reflection in aerial photographs as com- 
plex interpretive features of great information capacity 
[10]. The developed landscape method was tried out on a 
study of regional and local indicative structures that have 
a crucial impact on formation of natural desert conditions, 
on the location and nature of soils and vegetative cover, 
and that verify possible accumulations of petroleum and 
gas within the confines of the Kara-Kum Lowlands [10]. 


Starting in the early fifties, the Caspian Expedition of 
LAEM under the supervision of V. V. Sharkov did exper- 
imental work on studying the geological and geomorpho- 
logical structure of shallow sections of the Caspian Sea that 
have petroleum and gas bearing potential. Materials of 
experimental large-scale aerial photography provided 
images of the bottom to a depth of 15 m, showing essen- 
tially new features of the geological structure of under- 
water slopes of the western and eastern shores of the 
Caspian Sea. What is especially important here is that 
there was a practical outcome along with the acquired 
procedural results. In particular, details were obtained on 
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the geological and morphological structure of some known 
local emergences, and new structures and faults were 
discovered in shallow-water sections where it is difficult to 
do geophysical and field research from either sea or land 
[4]. 


Research on developing methods of studying offshore oil 
and gas bearing regions evolved further in the sixties and 
seventies on Sakhalin Island in the shallow coastal region. 
Here a solution was also found for problems of studying 
geological structure and spotting prospective local struc- 
tures. New procedures were tried out that were based on 
using materials of large-scale aerial photographs, experi- 
mental infrared and radar aerial images, aeromagnetic 
surveying, and also data of echolocation and geophone 
profiles. Of considerable assistance in image interpretation 
were the results of purposeful photographic transforma- 
tions developed under the supervision of Yu. V. Uglev, 
enabling image improvement and emphasis of geological- 
structural information. Use of the landscape method of AP 
interpretation yielded new information about the geolog- 
ical structure of the coastland with extrapolation to deep- 
water regions. In particular, some anticlinal slopes were 
detailed and mapped, and faults were discovered. From 
the results of the work, recommendations were made on 
exploratory drilling on one promising structure. The gen- 
eralized results of the research are presented in a series of 
monographs and articles [4, 14]. 


In the seventies, systematic procedural work was begun at 
LAEM on investigation of territories with petroleum and 
gas potential in Southwest Turkmenia, Western and 
Eastern Siberia, and Ukraine. 


This period is characterized by such features as: 


extensive use of the landscape approach to interpretation 
of ASIM; 


the advent of new ASIM: radar and photoimaging; 


combination of results of interpretation with geological- 
geographic and geochemical data; 


use of special photographic processing of ASIM; 
the first experiments in computer processing of ASIM. 


Procedural developments pertained to all levels of oil and 
gas prospecting work: from the survey level to the detailed. 


Aerospace survey studies based on small-scale satellite 
photographs from the Soyuz and Salyut manned spacecraft 
were done by N. V. Kobets and V. Ya. Yeromenko on the 
territory of the Scythian-Turan Plate, where studies by 
geological and geophysical methods had been sporadic in 
the extreme. The work answered theoretical and proce- 
dural questions of geological interpretation of satellite 
photographs of platform oil and gas bearing regions for the 
purpose of studying their tectonic structure. New from the 
procedural standpoint was the use of aerial radar imaging 
materials, as well as use of the results of specialized 
computer aided processing of satellite photographs. As a 
result of the work, it was the first time for this territory that 
several small-scale and medium-scale satellite-tectonic and 
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structural-tectonic maps were compiled both for the entire 
Scythian-Turan Plate, and for individual regions in scales 
of 1:1,000,000-1:200,000. Lineaments of various ranks 
were distinguished, as well as new tectonic units. 


Concomitantly, promising territories and areas were sin- 
gled out for seismic prospecting. The resultant data were 
later used in their entirety in regional-survey, regional and 
locating work. 


The necessity of acquiring information about the depth 
structure of regions with oil and gas potential has aroused 
interest in indirect methods that are less costly than 
geophysical methods. Occupying a leading place among 
these are methods based on analysis of aerial and satellite 
images. In this context, extensive use has been made of 
YeS-1045 and YeS-1020 computers that enable automated 
processing of ASIM. 


The geoindication method developed by B. N. Mozhayev 
and N. F. Afanasyev is gaining in popularity. The method 
was based on a landscape concept according to which the 
components and elements of the natural environment are 
interrelated and mutually conditioned. One of the forms of 
studying mutual relations between local structures and 
their natural indicators is geoindication modeling: the 
construction and analysis of geoindication systems. Geoin- 
dication modeling as a method was formed at the conflu- 
ence of studies of natural indication on the one hand, and 
use of the systems approach and mathematical modeling 
on the other [10]. Modeling of geoindication systems is 
premised on ascertainment and analysis of both spatial 
and functional relations among the elements and compo- 
nents of a landscape. A specific model was developed for 
each of these relations. 


Development of the method of constructing a geoindica- 
tion model includes the following basic stages: |) analysis 
of geoindication situations; 2) ascertainment of natural 
indicators; 3) classification of LS; 4) construction of con- 
ceptual models; 5) prediction of structural surfaces of 
different levels of the sedimentary sheath [6]. 


It should be noted that the concepts of geomorphological 
anomaly and landscape anomaly introduced as far back as 
in the seventies by B. N. Mozhayev [11] were of great 
significance in this method for using ASIM to seek out 
local structures with petroleum and gas potential. Ascer- 
tainment of these anomalies from results of interpretation 
of initial and processed ASIM enabled compilation of 
predictive structural schemes in different oil and gas 
bearing regions of the USSR. For example, in Southwest 
Turkmenia, ASIM-based geoindication research was done 
under the direction of V.G. Mozhayeva for the purpose of 
finding local structures with oil and gas potential. This 
work enabled an approach to the study of recent tectonics 
and the present geological evolution of this region on a 
qualitatively new level, which was important in planning 
petroleum and gas prospecting work. The developed 
method of forecasting local structures based on goal- 
directed computer-aided use of ASIM, even for such a 
thoroughly studied oil and gas bearing territory, revealed 
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about 30 new local upthrusts in the zone of submergence of 
anticlines of the Kopet-Dag Range [12]. 


This work received further development in Eastern Turk- 
menia, Western Uzbekistan and the Eastern Caspian 
region, where use was made of ASIM in combination with 
both geological-geophysical and geochemical data [13]. 
Generalization of this research enabled a systems 
approach to development of effective technology for using 
ASIM in prospecting for gas and oil. A major role in this 
work goes to geoindication studies. The technology 
includes several research stages, with a specific method 
developed for each of them: 


analysis of the geoindication situation (investigation of the 
geological profile, the history of tectonic evolution, relief 
and its relation to the geological structure, hydrogeological 
and geochemical regimes, soil-vegetative cover, climatic 
conditions, and so on); 


working out requirements for ASIM and geological- 
geophysical data needed for research, and matching their 
scale series; 


making geometric and photometric corrections, reducing 
to reference scale: 


processing ASIM and cartographic materials by pho- 
totransformations (using a technique developed at VNI- 
IKAM under the direction of Yu. V. Uglev) and by 
computer (including in the interactive mode on 
‘Perikolor” [software] and the “Disk” hardware system); 


expert deciphering (with at least three experts) and coor- 
dination of results: 


integrated interpretation of the results of deciphering with 
the enlistment of data of geological-geophysical, geochem- 
ical, structural-geomorphological and landscape studies; 


compilation of charts (maps) of geological content in 
accordance with tasks of regional and locating stages 
(tectonic, neotectonic and oil-and-gas geological zoning, 
and so on). Schematic maps of prediction of local struc- 
tures were compiled with recommendations for detailed 
seismic prospecting work and exploratory drilling. 


Structural-tectonic informativeness of ASIM under condi- 
tions of taiga-marsh landscapes in oil and gas fields of 
Western Siberia has been studied for several years under 
the direction of V. I. Astakhov [1]. The basic goal of the 
research has been to determine the form and volume of 
information about the structure of the Pre-Jurassic foun- 
dation and productive strata of the sedimentary sheath 
that could be realistically obtained from photographic 
images of the earth’s surface. As a result of the work, it has 
been concluded that satellite photographs of even a 
detailed level of generalization cannot be used for inde- 
pendent prediction of depth structure in the presence of 
complicated aerogeological conditions, flat wooded and 
marshy landscape, and extremely sluggish tectonics of the 
platform sheath. Therefore, it has been deemed necessary 
to use the aerospace approach as an auxiliary method in 
combination with basic geophysical (seismic prospecting) 
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methods of local prediction. The experimental and proce- 
dural work that has been done has shown that the field of 
linear photogeological features revealed in ASIM carries 
useful geological information of two kinds: 1) qualitative 
data about the location and mutual relation between some 
features in the sedimentary sheath that are not readily 
accessible to seismic prospecting; 2) quantitative informa- 
tion about the dimensions and orientation of zones of 
cracked collectors and the depth of occurrence of major 
horizontal divisions of the geological profile. 


It is recommended that these data be used on the very 
earliest stages of planning seismic prospecting work and 
processing the results, as well as on the stage of con- 
structing time profiles. 


In the mid eighties, research was begun in the Minsk 
Department of VNIIKAM under supervision of I. O. 
Karasev on developing procedures for mapping and fore- 
cast assessment of territories of ancient platforms based on 
optoelectronic processing of ASIM, including a method of 
direct remote location of oi! and gas deposits. Theoretical 
studies in this context were aimed at finding the relations 
between the spectral pattern of the landscape and charac- 
teristics of buried geological features. Using an original 
approach, and proving that information is transferred in 
the lithosphere in accordance with laws of synergism, and 
that developing geological processes operate as processes 
of self-organization, I. O. Karasev and D. G. Balabayev 
consider it practicable on the basis of these assumptions to 
formulate petroleum and gas prospecting operations. 
Experimental and theoretical studies allowed the authors 
to draw the important relevant conclusions that oil and gas 
deposits are energy-active objects and play a key role in the 
propagation of energy and information in the lithosphere. 
By manifesting anomalous properties in geophysical and 
geochemical fields, such objects have an impact on optical 
characteristics of the landscape that are recorded on nul- 
tizonal satellite images. Spectral anomalies above deposits 
of petroleum and gas in the landscape model are inter- 
preted as halos of a shift in the mineral composition of 
soils and in the pigment composition of vegetation under 
the action of paragenesis of anomalous geophysical, 
geochemical and biogeochemical fields. The authors 
believe that it is most effective to find anomalies by using 
two or three sets of satellite photographs taken in different 
seasons by the Landsat MSS in bands of 0.5-0.6, 0.6-0.7, 
0.7-0.8 and 0.8-1.1 ym. Processing was done mainly on an 
image analysis unit (the UAR and its modifications UAR- 
| and UAR-2). The developed technology has been put to 
practical use in oil and gas fields of Russia, Kazakhstan, 
Soviet Middle Asia, and also by contract and agreements 
in Germany, Austria, Yemen, Chad and elsewhere. The 
work has resulted in compilation of charts for prediction of 
oil and gas potential with delineation of promising areas 
on scales of 1:500,000 and 1:200,000 [2]. 


The advent of highly productive computer equipment (386 
and 486 PCs, and SVN and Hewlett Packard workstations, 
and so on) and satellite multispectral digital information 
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has brought the possibility of development of GIS tech- 
nology, where the core is provided by remote and carto- 
graphic data banks and databases. VNIIKAM has been 
doing such experimental and procedural studies in recent 
years based on the example of the Timan-Pechora gas and 
oil fields. This work has resolved problems of: refining 
tectonic criteria of petroleum and gas geological zoning, 
finding structure-confirming and screening beds of cata- 
clasms, crack zones and major structures, selecting prom- 
ising areas for doing locating work. 


The studies used satellite photographs, and also geological- 
geophysical and landscape materials that were processed 
by using the remotely sensed data processing system 
(RSdPS) developed at VNIIKAM under the direction of A. 
N. Denisov, as well as a method of composition coding 
developed by N. F. Afanasyev. As a result of the work, 
tectonic zoning maps were compiled for a number of levels 
of the sedimentary sheath, oil and gas potential zoning, 
prediction of oil and gas potential, and prediction of the 
prevalence of organogenic facies (for the Khoreyver 
Downwarp) [4, 15]. 


As a result of this research, tentative procedural recom- 
mendations were worked out for using digital satellite 
materials based on GIS technologies for predictive assess- 
ments of hydrocarbon resources of territories of North- 
western Russia. 


Yet another area being developed at VNIIKAM is study of 
the heat field of oil and gas bearing areas for the purpose of 
ascertaining temperature anomalies over pools of hydro- 
carbons. V. I. Gornyy believes that such anomalies are 
caused by the rise of fluids, and can be spotted on ASIM in 
the infrared band. 


On the whole, it is assumed that GIS will be most effective, 
where use will be made of both methods of ascertaining 
structural information (local structures and faults), and 
methods of directly detecting zones of oil and gas accumu- 
lation. It is also necessary to continue research on investi- 
gating the mechanism of manifestation of depth structures 
on a photographic image, and on relating results of inter- 
preting ASIM of different scale and types to different levels 
of the sedimentary sheath and foundation [5]. 
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Remote-Data Study and Prediction of 
Material-Structural Inhomogeneities: Petroleum 
and Gas Traps 

957N0027A Moscow OTECHESTVENNAYA 
GEOLOGIYA in Russian No 6, Jun 94 pp 39-44 


[Article by Yu. N. Gololobov and I. O. Smirnova; UDC 
550.814:553.98] 


[Text] Due to the considerable extent of exploration of 
anticlinal structures, the best outlook at present for 
locating petroleum and gas pertains to traps of unconven- 
tional type: material-structural inhomogeneities of the 
sedimentary sheath (reefs, zones of leakage and cracking). 
In recent years, considerable advances have been made in 
developing methods of locating such traps, mainly by 
improved combinations of geophysical methods [5]. At the 
same time, remote imaging materials (RIM) have been 
shown to be very effective both in determining the location 
of reef zones, zones of leakage and cracking, and in 
studying individual reef blocks [2-4, 7, 8]. 


Technology has been developed at VNIIKAM [the All- 
Russian Scientific Research Institute of Satellite Aerogeo- 
logical Methods] for analyzing and processing RIM to 
predict material- structural inhomogeneities of the sedi- 
mentary jacket based on the geoindication concept, 
according to which there is a mutual relation between the 
geological depth structure and components of the land- 
scape: geoindicators of geological structures [7, 8]. The 
physical basis of methods of processing and analyzing RIM 
for purposes of locating petroleum and gas is the interac- 
tion of luminous radiation with the reflecting surface of the 
lithosphere, whose properties are determined by the struc- 
ture, composition and state of the depths. A geological 
formation of any rank is considered as an integral object 
that is complex in composition and part of a larger 
formation. Geoindicators—derivatives of exogenous and 
endogenous processes of the outer shell of the litho- 
sphere—contain information about the structure, compo- 
sition and state of geological formations. 
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The manifestations of inhomogeneities of the sedimentary 
sheath in landscape complexes and on RIM are condi- 
tioned both by their confinement to structures of certain 
morphogenetic types, and by physical and chemical shifts 
in overlying deposits (recent outcrops and downwarps, 
changes of thickness and structure due to compaction or 
sinkholes, biogeochemical changes of rock and soil under 
the effect of fluids migrating from pools, and so on). The 
main geoindicators of inhomogeneities are distributions of 
characteristics of lineaments, erosion network, relief meso- 
forms and microforms, vegetation, various types of soils 
and other landscape elements. 


The modern geoindication method of studying the natural 
environment has provisions for computer-aided isolation 
of geoindicators and processing of their characteristics 
(anisotropy, entropy, density and so on). And geoindica- 
tors are distinguished both from initial satellite photo- 
graphs (SP) and from images that have been transformed 
by special programs (synthesizing, adding, subtracting, 
multiplying and dividing images in various spectral zones, 
cluster analysis, and so on) [6]. 


Patterns of the plan-view distribution of the characteristics 
of geoindicators that have been revealed on test sections on 
structures (traps) of various morphogenetic types are 
extrapolated into territory that has been less thoroughly 
studied. Each such monofeature information field may 
serve either as a direct basis for interpretation, or as a 
component part of a body of data in complex analysis. To 
construct prediction models, information fields of inde- 
pendent and related monofeatures are selected with certain 
values of correlation coefficients. These are processed by 
standard programs (methods of the main component, 
classification by pattern), and by the method of composi- 
tional coding developed at VNIIKAM by Associate 
Member of the Russian Academy of Natural Sciences N. F. 
Afanasyev [1, 2]. This mathematical method, which is 
based on evaluating the mutual relations among geoinfor- 
mation fields represented by multizonal satellite photo- 
graphs or the characte .stics of geoindicators and geophys- 
ical data, allows them to be integrated. Coding results are 
represented as colored charts of compositional codes that 
reflect the structure of inhomogeneities of geological 
objects. The results of processing of RIM and geological- 
geophysical data are integrated on the basis of GIS tech- 
nology using software developed at VNIIKAM (RSdPS) 
[6]. The technology has been tested on proving grounds of 
the Amu-Darya (Chardzhou Stage) and Timan-Pechora 
(Khoreyver Downwarp) gas and oil fields. 


On the territory of the Chardzhou Stage, the gas- 
productive deposits are Callovian-Oxfordian limestones of 
the Upper Jurassic, including reef-forming facies at a 
depth of from 2.2 to 3.4 km and covered with Kimmerid- 
gian-Tithonian salts and anhydrites. The territory is char- 
acterized by heredity of tectonic movements and pro- 
nounced manifestation of anticlinal structures in relief and 
on RIM [8]. To study reef traps, an analysis was done on 
the distribution of characteristics of geoindicators singled 
out from multizonal Soyuz satellite photographs and aerial 
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Fig. 1. Schematic of distribution of geoindicators above various types of local structures 


A—anticlines; reefs; B—isolated atoll form with lagoon in vault; C—isolated knoll form; D—barrier; 1—limestones; 
2—anhydrites; 3—salts; 4—sandstones; 5—reefs; 6—lagoon facies; 7—locations of sinkholes or paleolagoons; 


D—density of geoindicator,; H—relief profile 





photographs (Fig. 1). The analysis revealed anticlinal and 
non-anticlinal (reef) petroleum and gas traps, and enabled 
differentiation of various types of reefs: barrier, isolated 
knoll forms, isolated structures of jar type, and atoll forms 
of reefs with a lagoon in a vault (Fig. 2). These types of reefs 
are confined to certain tectonic zones and blocks that are 
revealed by RIM on the regional level. The spatial location 
of reef blocks is determined by the continuous-intermittent 
migration of the coastline of the Callovian-Oxfordian Sea. It 
seems that different morphogenetic varieties of reef-forming 
structures coincide along the vertical. 


The Khoreyver Downwarp is a more difficult object for use 
of RIM because of unfavorable climatic conditions (dura- 
tion of snow cover, cloudiness) and features of the geological 
structure (presence of several petroleum and gas bearing 
systems, extensive development of non-anticlinal traps, 
presence of a thick mass of permafrost Quaternary forma- 
tions of glacial origin) [7]. However, even here skeletal fault 
lineaments that bound blocks differing in geomorphological 
and tectonic structure in which various morphogenetic 
types of traps are prevalent can be determined from initial 
and transformed RIM of the regional level. 
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Fig. 2. Prediction of petroleum and gas bearing reefs in Upper Jurassic Deposits of Chardzhou Stage, Girsan Area 


A—areal geoindicator (claypan); B—distribution of density of geoindicator, C—location of forecast reef blocks; 
1—claypan; 2—maximum (a) and minimum (b) density of geoindicator; 3—isohypses of seismic level (Upper 
Jurassic) corrected according to remote data; 4—wells with (a) and without (b) gas; 5—faults according to seismic and 
remote data; 6—assumed reef blocks according to results of processing of geoindicators; 7—structural lines according 
to results of interpretation of satellite photographs and processing of geoindicators 





An analysis has been made of 18 geoindication features. 
Two groups of features were selected for predicting dif- 
ferent geological structures: those having a high correlation 
coefficient (more than 0.5) with objects to be forecast; and 
independent (less than 0.2). For predicting (by the “clas- 
sification” program) a petroleum-producing level of the 
Upper Devonian including reef-forming facies, most infor- 
mative were certain characteristics of lineaments and lakes 
distinguished on Soyuz satellite photos and by the optical 
density of Soyuz satellite photos. The results of visual 
interpretation of initial and transformed satellite photos 
have shown that the Khoreyver Downwarp is divided into 
two parts that differ in geomorphological structure (north 
and south) by a fault of sublatitudinal northeasterly strike. 
Therefore two types of objects were selected for study: in 
the northern section—the Oleniy and South Sadayaginskiy 
anticlinal folds; tn the southern—the West Khosedayuskiy 
assumed reef block of barrier type (Fig. 3). Separate 
prediction by objects was done for the entire territory: 
using objects | and 2, and object 3 (Fig. 4). As can be seen 
from the illustrations, structures of anticlinal type are 
prevalent only in the northern section, while the barrier 
reef prevails in the southern section. The results of the 
prediction agree nicely with seismic prospecting data. 


Based on processing of multizonal satellite photos and 
geoindicators established from them for the territory of the 
Khoreyver Downwarp, a level-by-level prediction of the 
structure of the sheath and foundation was done by the 
compositional! coding method. In modeling structural 


levels, an analysis was made of the hierarchical structure of 
images by using Soyuz satellite photos alone. The result 
was differentiation of geological components of various 
dimensions and filtration of images with various filter 
parameters approximately corresponding to the depths of 
occurrence of reflecting seismic levels: 0.4 km—floor of 
permafrost deposits, 2 km—Lower Permian, 3.5 km— 
Upper Devonian, 4.5 km—Silurian, 5.5 km—foundation. 
On diagrams of compositional codes for different depths, 
all boundaries are confirmed by configurations of deposits 
of reflecting levels, the fields of compositional codes being 
shifted to the right on diagrams of deeper levels, which 
agrees on the whole with the location of groups of local 
structures on the eastern wing of the Bolshezemelskiy 
Vault according to seismic prospecting data. 


Coding with the use of satellite photos and the character- 
istics of geoindicators was done on the basis of integrating 
groups of information variables. As a result of interpreta- 
tion, models were selected that are optimum for predicting 
certain geological structures. For example, in composi- 
tional coding of digital models of relief, densities of the 
erosion network and lakes, the northern pericline of the 
buried Bolshezemelskiy paleo-uplift of the foundation is 
clearly distinguished. In this context, we note coincidence 
of the boundaries of isofields of compositional codes with 
isohypses of its surface. A zone corresponding to a barrier 
reef of Late Devonian age in accordance with geophysical 
data can be clearly traced on the diagram of compositional 
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Fig. 3. Soyuz satellite photo of Khoreyver Downwarp. Spectral zone ?.7-0.8 m, June 1984 


l--reef forecast section: 2—study objects (1, 2—Sadayaginskiy and Oleniy antic:ines respectivery; 3—West Khose- 
dayuskiy barrier reef) 
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codes plotted from three digital density matrices of a 
geoindicator distinguished in three bands of the spectrum 
on Soyuz satellite photos. 


Petroleum and gas potential was probabilistically pre- 
dicted by the compositional coding method from digital 
matrices of three zones of the spectrum based 9n training 
sampling of known types of petroleum deposits. The 
resultant materials served as a basis for petroleum and gas 
prospecting zoning of the terrilory and plotting a diagram 
for predicting reef-iorming facies. 


Thus. the efficacy of using RIM in a geological prospecting 
system has been demonstrated based on the example of 
two proving grounds that differ in landscape-geological 
conditions. Computerizing processing and analysis in con- 
junction with available geological-geophysical information 
provides new objective data about the structure of the 
depths of no !ess significance than geophysical data. The 
geoindication method got its second wind with use of the 
method of compositiona' coding of information. The fun- 
damentally new approach to processing of feature fields 
extracted from materials of regional level has an effect on 
results that are usually attained only on later stages of 
locating and prospecting phases. 
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Fig. 4. Prediction of petroleum and gas bearing structures in Upper Devonian deposits by “classification” program 
A—prediction from study objects | and 2; B—the same from study object 3 (see Fig. 3); 1—forecast structures; 


2—isohypses of deposits from seismic prospecting data 
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Remote Sensing in Forecasting and Locating 
Mineral Ores in Research by Workers at 
VNIIKAM [the All-Russian Scientific Research 
Institute of Satellite Aerogeological Methods] 
957N0027A Moscow OTECHESTVL.\NAYA 
GEOLOGIYA in Russian No 6, Jun 94 pp 45-49 


{Article by A. V. Pertsov, G. V. Galperov and N. A. 
Brusnichkina; UDC 533.4] 


[Text] Research in this area at VNIIKAM can be condi- 
tionally divided into two stages marked by the beginning of 
the space age and active introduction of the results of 
remote sensing into geological and geographic research. 


Due to organizational reasons, there were not many pub- 
lications during the first phase. as VNIIKAM was part of 
the system of the USSR Academy of Sciences until 1961. 
and was working mainly on various geographic topics. 
Most notable of the early publications in the metallogenic 
area is a paper by Yu. G. Staritskiy [23]. The author takes 
a look at Soviet and foreign achievements in this field. The 
shape and cclor of ore bodies and enclosing structures are 
singled out as direct exploratory features. while indirect 
features ae the shape of relief, vegetation. soil and geolog- 
ical structures. An examination is made of the particulars 
of using color and spectrozonal materials of aevial photog- 


raphy. 


In 1971, a large procedural manual [1] was published that 
had been prepared by LAEM [the Laboratory of Aerial 
Methods] generalizing all advances in the area of using 
remote methods, partiy including aerogeophysics. The 
subject area of forecasting and location is not specifically 
treated in the text, but considerable attention is given to 
questions of ascertaining geological structures and the 
material composition of rocks from aerial photographs. 


In 1969, LAEM was commissioned by the USSR Ministry 
of Geology to study the feasibility of using aerial methods 
in locating bauxites. Research done under the supervision 
of G. V. Galperov demonstrated the high efficacy of using 
aerial methods for predicting and locating two of the three 
types of bauxite deposits to be found on the territory of the 
USSR [5, 6]. This work started a whole series of studies on 
the use of remote imaging materials for studying buried 
features (the foundation, individual geological bodies, 
structures) in territories of multiple-tier makeup: Northern 
Kazakhstan (Turgay Valley), Kyzyl-Kum (Turan Plain), 
and the South Urals. 


Practical recommendations on locating copper, zinc and 
bauxites were introduced in the Northern Kazakhstan 
Geological Administration. The results of studies were 
presented in articles [7, 8, 9] and generalized in 1979 ina 
book by G. V. Galperov, A. V. Pertsov and N. A. 
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Brusnichkina [10]. This book takes a look at both the 
properties of the buried objects themselves that influence 
their interpretability, and the properties of the loose sheath 
that determine the possibility (or impossibility) of recog- 
nizing these objects from materials of aerial photography. 
Also considered are questions of accounting for natural 
and climatic conditions and control of engineering factors 
in the production of an aerial photograph to get the most 
informative materials. An extensive section deals with the 
use of aerial methods in locating copper-porphyrite and 
magnetite ores and bauxites. Several areas and structures 
are singied out that are to some degree of promise for these 
ores where the sheath is up to 250 m thick. 


Work on this stage entailed introduction of Soviet and 
foreign satellite photographs into geological practice. 


This ied to metallogenic and tectonic-magmatic studies 
with the use of remote information of various levels of 
generalization both at LAEM and in other organizations in 
the USSR and elsewhere. At LAEM in the seventies. such 
research was done under the supervision of N. A. Yakovlev 
in various regions: southeast Little Caucasus Range. 
Western Trans-Ba:kal, South and Central Kazakhstan. The 
results of the work were reflected in [24]. where a flowchart 
is given of the deciphering of satellite photographs and 
interpretation of the results. as well as a method of 
integrated use of these data and geological-geophysical 
materials when predicting mineral deposits based on 
mathematical methods and computers. Computer-aided 
forecasting has been the basis of finding the most informa- 
tive of 230 features proposed by experts with analysis of 
the investigated area by elementary cells. The object of 
prediction was ore formations, or more rarely—mineral 
types of deposits. In the eighties. the metallogenic- 
prediction subject area was also reflected in several arti- 
cles, mainly in LAEM collections. For example. G. N. 
Lukashev (as a coauthor with N. S. Bukharov) gives the 
results of metallogenic analysis of the large Ondum ring 
Structure (Tuva) done by using photographs [2]. N. A. 
Yakovlev as a coauthor with A. Ya. Vokhmentsev and Yu. 
B. Marin [4] summed up research on investigation of the 
reflectivity of rocks for purposes of aerogeological map- 
ping and location of minerals. The authors took note of 
problems with the given research area. and mentioned 
ways of overcoming them. 


V. 1. Gornyy considers the prerequisites for using infrared 
aerial photography in locating blind ore bodies in the 
upper part of the heliothermal zone [14]. Based on theo- 
retical calculations, he came to the conclusion that in 
summer during the period of greatest heating of the earth’s 
surface, ore bodies occurring within the limits of the 
heliothermal zone may show temperature anomalies (pos- 
itive and negative) that can be considered as exploratory 
features of these ore bodies. A 1985 LAEM collection of 
scientific papers is entirely given over to the use of 
aerospace photographs in mineral prediction and location. 
N. V. Skublova and A. A. Rusanova consider the vulcan- 
oplutonic structure of Central Kazakhstan. Combined 
interpretation of geophysical and deciphered data revealed 
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to the authors previously unknown latent ore-confirming 
faults, zones of elevated permeability, and blocks of varied 
metallogenic specialization. 


G. V. Galperov, V. E. Bogatyrev and A. V. Pertsov, 
likewise on the basis of a set of deciphered and geophysical 
data, discovered that the depth structure of individual 
blocks has an impact on the intensity of mineralization in 
the Central Kyzyl-Kum [11]. For example, the Muruntau 
gold deposit, the largest in the former USSR, is confined to 
a block with half the background thickness of the granite 
layer of 10-12 km where the general thickness of the crust 
is 40-42 km. Ore-confirming elements of higher orders are 
represented by ring structures situated at the nodes of 
intersection of straight-line faults. necessarily in the pres- 
ence of submeridional faults. This subject area has been 
further developed in articles by the same authors [12]. 


T. N. Smirnova, M. Yu. Smirnov and V. N. Vashilov have 
divided the Kalino-Timan belt in accordance with remote 
imaging data into two megablocks and several smaller 
blocks with autonomous conditions of magmatism and ore 
genesis, enabling clear orientation of the direction of 
location work [22]. 


Of considerable interest is N. V. Skublova’s book dealing 
with the conducting of structural and geomorphological 
research for metallogenic purposes [20]. This is a work of 
a procedural nature, and is based on the use of aerospace 
information with employment of computer technology and 
optical equipment along with conventional methods of 
geomorphological analysis. The book presents methods of 
ascertaining structural criteria of prediction by using con- 
verted photographs, principles of setting up a functional 
model of vulcanoplutonic structure, describes the process 
of geoindication modeling of structures based on statistical 
processing of their features, and also gives the local and 
regional prediction of some ore objects. 


In a 1987 VNIIKAM collection. several articles are also 
devoted to this topic [17]. An article by A. V. Pertsov 
systematizes data on conversion of aerial and satellite 
photographs by analog and digital methods. An elabora- 
tion is given of the physical essence of various kinds of 
transformations, the particulars of interpreting trans- 
formed images, recommendations are given on selecting 
forms of transformations, examples are presented. It is 
noted that the efficacy of methods of image transforma- 
tions is different for specific tasks of natural conditions of 
research regions. An article by N. V. Skublova and L. V. 
Tarasenkova shows the promise of a new procedural 
approach to ascertainment of ore-confirming structures 
from remote imaging materials (RIM) in the autcimated 
mode based on the example of the Agadyr and Karkara- 
linsk ore regions of Central Kazakhstan. This approach 
consists in purposeful computer transformation of photo- 
graphic materials, where photographs in digital form are 
input to a computer for subsequent processing with output 
of the transformed image on photographic film. 


L. M. Gerasimov, V. V. Isayev, V. Yu. Luskina and S. G. 
Slutskaya in their article of this collection illustrate the 
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possibilities of the Perikolor system for interactive pro- 
cessing of multizonal aerial and satellite images based on 
the example of singling out zones of hydrothermal meta- 
somatism of rocks in woodlands of the Siberian Platform. 
On initial MKF-6 photographs, the change of rock is 
visually very poorly distinguishable. A “portrait” of 
altered rocks compiled for a reference section enabled 
prediction of some similar sections. On-ground verifica- 
tion revealed scarned rocks on these sections with sulfide 
mineralization. 


In 1988, a collective monograph [10] was published that 
contained two procedural and three regional sections. The 
particulars of using RIM in tectonomagmatic and metal- 
logenic studies of different levels of generalization are 
given in the procedural sections from the standpoint of a 
systems approach. Substantiation is given for the necessity 
of transformations of both RIM and geophysical data by 
using computer technology. Along with morphostructural 
and neotectonic analyses. the book also proposes struc- 
tural-magmatic analysis by RIM. Attention is given to the 
need for evaluating the magnitude of the post-ore face of 
ore objects, which is especially important in constructions 
of prediction-exploration models on detailed scales. 


The regional sections take up various aspects of the sug- 
gested procedural developments. These regions (Cauca- 
sian-Tauric, Oymyakon-Kolyma and Kyzyl-Kum) were 
activated in the Cenozoic, and are differentiated by: age of 
completion of the main phases of folding: geological dis- 
position of epochs of maximum activity of tectonic move- 
ments; time of formation, sequence of development aid 
composition of magmatic and ore formations; geophysical 
characteristics and also degree of outcropping. 


This monograph sums up the rather prolonged stage of 
accumulation of knowledge on the given topic. which 
reduces to the following. 


1. The use of satellite photos has opened up a new stage in 
the development of small-scale and medium-scale met- 
allogenic research. Satellite photos provide a structural 
base for regional metallogenic zoning on which all 
metallogenic taxa get their specific boundaries within 
the confines of certain structures. 


2. Satellite photos reflect many elements of depth 
tectonics that are of considerable significance for 
analyzing the placement of deposits and ascertaining 
ore-confirming and ore-concentrating structures. 


3. Great possibilities for metallogenic analysis are opened 
up by combined use of the geodynamic and material 
approach to satellite photo interpretation, facilitating 
paleotectonic reconstructions for the period of ore 
formation and revealing large horizontal displacements 
of ore bearing and ore-confirming structures. 


4. Simultaneous use of materials of different scales— 
satellite and aerial photographs—enables more in- 
depth understanding of the nature of structural partic- 
ulars of specific ore objects, determination of the 
patterns of their location. 
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Procedural recommendations are given [13] that are based 
on the material presented in this book. As the optimum 
version of metallogenic research, it is suggested that work 
be done on three or four levels of generalization, the scales 
of contiguous levels differing by a factor of 3-5. The levels 
of generalization are tied in with metallogenic taxa and 
their corresponding principal types of structures. A seven- 
stage flowchart has been developed for metallogenic 
research based on a set of methods in which remote sensing 
plays a leading part. Exampies are given of implementa- 
tion of the proposed technology for ascertaining structural 
(by RIM) and geophysical components of prediction- 
exploratory models of gold (Central Kyzyl-Kum, 
Muruntau deposit) and gold-silver (Okhotsk-Chukhotsk 
vulcanogenic belt. Karamken deposit) mineralization. 


An article by I. K. Rundkvist, L. V. Tarasenkova et al. [18] 
is devoted to automated processing of systems of linea- 
ments for ascertaining the depth structure of the Northern 
Baikal Region in metallogenic research. For effective 
ascertainment of lineaments. satellite photos were sub- 
jected to special digital transformations. In analyzing 
lineaments, new data were obtained about the presence of 
very large vaults and blocks of deep occurrence. Among 
the transverse and intersecting systems of lineaments, the 
largest and longest are singled out that are either bound- 
aries of metallogenic taxa or verify the location cf indi- 
vidual ore bodies and deposits. It is noted that computer- 
aided processing of satellite photos to some extent enables 
more objective conclusions to be drawn about the geolog- 
ical structure of a region. 


Questions of the relation between the geodynamics of 
overthrust-folded belts with ore bearing structures are 
studied in [15]. Based on the example of the territory of the 
Polar Urals, the author uses satellite and high-altitude 
aerial photographs to show how the location of both 
metallic and nonmetallic minerals depends on the mutual 
relations between various deformational structures and the 
formation makeup of allochtonous and autotochtonous 
complexes. The main ore-concentrating structures are 
nodes of conjunction of ore-concentrating fractures with 
faults and plastic deformations of overthrust type, zones of 
blastomylonites, mylonites and degneissified rocks. 


A book by I. K. Volchanskaya (Rundkvist) and Ye. N. 
Sapozhnikova [3] looks at analysis of relief from remote 
sensing materials in locating mineral deposits. The authors 
convincingly show the considerable part played by analysis 
of relief in combination with other methods in metallogenic 
prediction studies. Such analysis enables evaluation of the 
neotectonic mobility of blocks, the level of the denudation 
face, and patterns of structural control in the placement of 
orogen-related ore formations. Among the most important 
aspects of morphostructural analysis for metallogenic pur- 
poses are general relations established by the authors 
between the nature of relief of orogen regions and the 
specifics of their depth structure, magmatism and metallog- 
eny. Discovered patterns of the formation and organization 
of morphostructures of mountainous regions and their rela- 
tion to the distribution of minerals enable a transition to a 
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new level of metallogenic studies that provides for modeling 
of the major feziures of metallogenic taxa of different ranks 
and predicting latent mineralization. 


In 1992, N. V. Skublova published a book [21] devoted to 
the same subject as that cunsidered in the book by I. K. 
Volchanskaya and Ye. N. Sapozhnikova. In the first book, 
the authors’ conclusions are based on analysis of a number 
of regions; in Skublova’s book, the conclusions are based 
on materials of Central Kazakhstan, and the main subject 
of study is vulcanoplutonic ring structures. N. V. Skublova 
makes extensive use of mathematical methods and com- 
puters to solve the formulated problems. For purposes of 
automating RIM interpretat.on, she proposes modeling of 
ore nodes. The author feels that the core of the locating 
model is statistically sound morphostructurai principles of 
ore bearing strictures that are reflected in relief and in 
RIM, and that are characterized by certain quantitative 
parameters. 


Special mention should be made of the contribution made 
by '. K. Rundkvist to elaboration of the metallogenic 
problem area based on using KIM. In addition to the 
aforementioned work, in 1992 she published (as a coau- 
thor) a number of articles in Russia and elsewhere dealing 
with a rather broad range of problems in metallogeny 
relating to the history of formation of the great Bodaybo 
Gold Territory, deep ore-verifying structures, metallogeny 
of epochs of activation, the metallogenic role of mantle 
processes, and the like. 


In conclusion, mention should be made of some principles 
worked out at VNIIKAM that bear directly on the problem 
of predicting and locating ore objects based on RIM. 


1. Results of metallogenic developments at VNIIKAM 
have confirmed the principle that structural informa- 
tion obtained by RIM is inaccessible or accessible only 
with difficulty by using other research techniques. 


2. In metallogenic research of any scaic, it is necessary to 
use RIM of three or four levels of generalization. 


3. Prediction is based on complex multilevel prediction- 
location models. 


4. Ore objects studied in modeling should correspond in 
rank to the objects being predicted (or be a rank higher). 


5. It is obligatory to use expert interpretation of RIM. i.e. 
independent interpretation by several specialists with 
subsequent comparison of data and development of an 
integrated model. 


6. The largest ore taxa are frequently anomalous objects in 
geology, morphostructure, and physical fields. 


7. The known principle in metallogeny about similarity of 
the largest ore objects of different ore formations is 
manifested most clearly when these objects are exam- 
ined on high levels of generalization. This is what 
makes it necessary to use a hierarchical series of pre- 
diction-location models. 
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8. Ore objects of different formations that are compara- 
tively low in rank have less similarity, especially in 
physical fields; however, they are often anomalous 
relative to the background, and in general their struc- 
ture is more intricate, 


9. On detailed levels of generalization, estimates of the 
magnitude of the post-ore face have to introduced into 
the model. 


In the capacity of prospects for development of metallo- 
genic prediction studies based on RIM, one must take note 
of the necessity for changing to the use of digital aerospace 
and geological-geophysical information based on geo- 
graphic information system (GIS) technology. 
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[Article by A. A. Kirsanov; UDC 528.7+55:577.4] 


[Text] The unfavorable ecological situation that has 
evolved and continues to worsen in most territories of the 
Russian Federation is due to a number of causes, including 
overuse of natural resources and employment of tempo- 
rarily profitable but unperfected technologies for obtaining 
and processing resources. Alteration and pollution of the 
natural environment have brought about conditions that 
are hazardous for human life. It is natural that such a 
Situation gave rise in the seventies to a research area for the 
study of these processes and their consequences with the 
general name of ‘Environmental Protection.” Such 
research began to be conducted by organizations of 
Mingeo [the Ministry of Geology], Goskomgidromet [the 
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State Committee on Hydrometeorology and Environ- 
mental Control], Minleskhoz [the Ministry of Forestry], 
MinVUZ [the Ministry of Higher Education], the USSR 
Academy of Sciences, republic academies of sciences, and 
other ministries. These studies were accordingly institu- 
tional in nature, dealing mainly with the current status of 
individual components of the natural environment (soils, 
vegetation, surface and underground water, the atmo- 
sphere, and so on), or their changes under the influence of 
major industrial and agricultural facilities. They were done 
sporadically by different methods and on different equip- 
ment and laboratory bases. 


In those same years in the Laboratory of Aerial Methods 
(LAEM), which is today the All-Russian Scientific 
Research Institute of Satellite Aerogeological Methods 
(VNIIKAM), research was started under the direction of T. 
A. Popova by by order of the USSR Ministry of Geology 
on finding areas for effective application of remote tech- 
niques in natural conservation methods and monitoring 
the status of the natural environment. Starting then, work 
began to be focused and systematic, based on the land- 
scape-indication method of interpretation, the theoretical 
principles of which had been developed by P. I. Mirosh- 
nichenko at LAEM. 


In this context, consideration was taken of the years of 
experience in using methods of aerial photography for 
geological and geographic studies of the natural environ- 
ment. Based on generalization and analysis of resultant 
data, it was concluded that remote methods provide objec- 
tive and timely information about the natural status of the 
environment and its disruptions by economic activity. It 
was found that materials of aerial photography and exper- 
imental infrared imaging had great possibilities, and spe- 
cifically: ascertainment of areas with disturbed soil and 
vegetative cover, with altered relief as a result of working 
mineral deposits; discovery of soil blocks disturbed as a 
result of the action of water and wind erosion; invento- 
rying fire-damaged woodlands and wetlands, as well as 
clearcuts of various types and ages, and monitoring their 
Status; ascertaining the presence of contamination of 
bodies of water by turbid effluents of various origins, 
including industrial waste, and tracking the paths of their 
displacement under various hydrodynamic conditions; 
ascertaining the proportions of types of land use, and so 
on. 


Subsequently, considerable attention was given to investi- 
gation of the dynamics of the natural environment, both 
rhythmic variations and successions. Techniques were 
developed for studying and predicting the space-time 
variations of the natural environment based on compar- 
ison of aerial and satellite imaging materials [ASIM] 
obtained at different times. Integrated ecological studies 
were done on Volzhsk, Dneprovsk and Krasnoyarsk reser- 
voirs, where an analysis was made of the status of the shore 
area and its variations were established over a 30-year 
period. 

For the first time based on analysis of the status of the 
natural environment of Leningrad Oblast, it was con- 
cluded that monitoring needed to be organized on a 
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territorial scale, and that a significant fraction of the work 
should be done by remote methods. It was determined that 
the basic requirements for ASIM used in this work would 
be of particular importance for practical researchers. One 
of the first definitions of aerospace monitoring was given, 
which was understood to mean a system of regulated 
repeated observations based on using remote methods of 
data acquisition. Considering the interrelationship and 
interdependence in nature, it was correctly decided that 
organization should cover monitoring of the natural envi- 
ronment, rather than merely the geological environment, 
which is a component part of the former. 


Subsequently these developments were continued, and 
aerospace monitoring of the geological environment 
(ASMGE) was included in the program “Lithomonitoring 
of the USSR” developed in the early eighties. The goal of 
this research was routine monitoring and assessment of the 
status of the geological environment (GE) and prediction 
of its changes under the effect of natural and man-made 
factors to control ongoing processes for efficient and 
ecologically safe utilization of natural resources [7]. The 
subject of ASMGE was the variable part of the geological 
environment having a direct or indirect impact on ASIM, 
and also natural and man-made factors having an effect on 
the GE and its current state. Work was to be done on 15 
reference proving grounds and 21 sectoral proving grounds 
situated on almost the entire territory of the USSR in 
zones of intense economic activity and imminent con- 
quest. Plans called for doing a broad set of experimental, 
procedural trial, and industrial trial studies using ASIM of 
different types and levels of generalization 


The makeup and content of report documentation were 
determined by the nature of the work with obligatory 
presentation of the following materials: 


a report. a set of specialized maps compiled from ASIM; 
annotated photographs of test objects: 
data of on-ground studies: 


tables of indicators and interpretational features of 
ASMGE objects. 


An overview dedicated to tentative summation of ASMGE 
research notes the following shortcomings: underdevelop- 
ment of the conceptual machinery of precise formulations 
of initial ideas, specific features in natural zones and for 
various national economic facilities. and also, as in natural 
conservation, the unevenness of methods. lack of standard 
legends. and ambiguity of the approach to cartographic 
mapping of results [ 3}. 


Projects did not get far for a variety of reasons, and they 
are now being conducted mainly by Aerogeologiya GNPP 
[not further identified] in ol fields of Western Siberia, the 
KMA [Kursk Magnetic Anomals], Moscow Oblast, the 
Kola Peninsula. and other regions of Russia with the use of 
archived ASIM. Some results are given in [1, 2). 


In the late erghties. the USSR Ministry of Geology began 
doing geolog:cal mapping as part of projecis GSR and 
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GDP-200 with specifications outlined in [10]. Since 1991, 
geo-ecological investigation and mapping [GEIM] on 
scales of 1:1,000,000 and 1:200,000 has been done by the 
RF Committee on Geology and Utilization of Mineral 
Resources as a separate project in the “Geo-Ecology of 
Russia” Program for the purpose of evaluating and pre- 
dicting the ecological status of geosystems of different 
hierarchical levels by ascertaining and studying natural 
geological features and inan-made changes of the geolog- 
ical environment based on geological-ecological mapping 
on different scales and integrated geo-ecological moni- 
toring, and on this foundation working out recommenda- 
tions on scientifically sound and effective use of natural 
resources, and on natural conservation measures [9]. 


At the present time, GEIM is being done with the use of 
ASIM both by the State organizations of various ministries 
and agencies (within the scope of federal programs), and by 
non-governmental agencies (for dealing with special jobs). 
They cover different kinds of work: 


1) geo-ecological mapping: small-scale 1:1,000.000 
(1:500,000), medium-scale 1:200,000 (1:100,000) and 
large-scale 1:50,000 (1:25,000); 


2) geo-ecological prospecting with detailed GEIM 
(1:100,000-1: 10,000); 


3) specialized work for handling particular tasks. For 
carrying out these jobs, requirements have been devel- 
oped, setting forth the goals, tasks, objects. methods 
and kinds of research [12-14]. 


On the whole, the GEIM tasks that are handled by using 
ASIM are: ascertainment of sources of pollution and other 
objects that impact on GE, as well as the nature and zones 
of their influence; evaluation of the status, dynamics, 
determination of trends and prediction of man-made shifts 
of the GE; ascertainment of ecologically hazardous terri- 
tories; substantiation of recommendations on optimum 
planning of engineering-geology field studies, geochemical, 
geomorphological and other studies for GEIM purposes. 
As a result of the work, a set of maps is being compiled 
with makeup that is determined by the extent of the 
technogenic load under specific natural conditions (includ- 
ing the status of the GE, technogenic load, dynamics and 
prediction of changes of the GE, and so on). 


In the overall research package. aerospace studies occupy an 
important place, being a necessary tool for studying the GE, 
and often the information base for planning and formu- 
lating other kinds of work as well. The significance of the 
role of ASIM is enhanced with increasing breadth and depth 
of studies of the influence of natural, and especially of 
technogenic factors on the GE, on conditions of human 
habitation. Moreover, as noted by M. V. Kochetkov, in 
connection with the great volume of geo-ecological map- 
ping, and the shortage of facilities for doing on-ground work 
in large volumes, there is an increase in the role of aerospace 
methods of geo-ecological research by special integrated 
interpretation of aerial photographs to evaluate the ecolog- 
ical status of individual territories and objects [5]. 
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Experience shows that aerospace methods have certain 
advantages over other methods in that they use noninva- 
sive remote recording and enable objective registration 
and generalization of different forms of man’s impact on 
nature simultaneously over large areas. By studying photos 
taken of some territory at different times, dynamics can be 
traced and the space-time changes of the GE and its 
components can be predicted for some future time, and 
recommendations can be made on preventing unfavorable 
consequences. The selection of a set of ASIM necessary 
and sufficient for support of GEIM depends on the scale of 
the work, geological-landscape conditions, and also the 
types of natural and man-made factors and processes that 
impact negatively on the GE of the investigated territory. 


Analysis of published data shows that there are now 
already two clearly distinguishable directions in the use of 
ASIM. The first, the traditional direction, involves using 
monochrome and spectrozonal ASIM of photographic 
systems that are being successfully employed in well devel- 
oped visual-instrumental methods of interpretation, as 
well as compilation of thematic maps based on the land- 
scape-indication approacn. These methods so far are basic 
for GEIM, which is demonstrated by the materials of 
reports [1, 2, 10, 16}. 


The advent of instant digital scanned multizonal spectral 
aerospace information, as well as the capability of digi- 
tizing photographs and extensive use of computers (includ- 
ing personal computers and workstations) for processing 
them, has led to the development of another more progres- 
sive direction: GIS technology as a tool for doing GEIM on 
an up-to-date level. The crucial components of GIS are 
aerospace and cartographic data banks and databases that 
include information mainly of geological-geographic 
nature in textual, graphic, tabular and other forms. How- 
ever, in order to use ASIM and GIS for geo-ecological 
studies, they must meet certain requirements, including: 


the capability of digitizing photographs without loss of 
information; 


the ability to withstand a considerable increase in scale for 
use in studies on different scales; 


the possibility of transformation to a cartographic projec- 
tion for combining with cartographic materials. 


Work in this area is being done at VNIIKAM, Moscow State 
University, St. Petersburg State University, Priroda State 
Center, VNIIGeosistem [not further identified], Aeroge- 
ologiya GNPP, Planeta Scientific Production Association 
and elsewhere, and the number of developer organizations 
of various forms of property is increasing, as evidenced by 
materia's of the All-Russian Forum GIS-94 [6]. 


Of the accessible ASIM, it is most economically and 
informationally advisable to use satellite photographs 
available at Priroda State Center (taken by cameras KFA- 
1000, MK-4 and KATE-140), at Sovinformsputnik Asso- 
ciation (taken with high-resolution camera KVR-1000 and 
topographic camera TK-350), and also at Planeta Scien- 
tific Production Association (MSU-SK and MSU-E). 
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Almaz-1 satellite radar imaging materials have not yet 
been put to practical use because of technological difficul- 
ties of data processing in digital form, although there is 
experience in using them in the form of photocopies. 
Results of interpretation show that they enhance structural 
and geo-ecological information as compared with satellite 
photographs, especially in the taiga and arctic regions of 
Russia [1, 2]. For now, experiments continue on computer 
processing of these results to improve selective properties 
and eliminate instrument noise. 


There is some hope associated with materials of multifre- 
quency radar imaging (in the centimeter and meter bands); 
however. because of the expense of doing flight experi- 
ments, research has so far remained undeveloped. 


Materials of infrared aerial and satellite imaging are being 
used mainly for ascertaining sources and areas of pollution 
of bodies of water, e.g. NEP effluents and the like [15]. 


On the whole, mention should be made of the continuing 
increase in cost of aerial photography, which makes it 
difficult to do full-scale ASMGE and GEIM on the local 
and detailed levels. 


Analysis of published and reported geo-ecological (ecogeo- 
logical) maps shows that aerial and satellite imaging mate- 
rials have not yet found their due application in GEIM, 
and their possibilities are far from exhausted. And the use 
of photographs in GIS technologies in Russia is still in the 
stage of procedural trials [4]. 


In this connection, by order of the RF State Committee for 
Geology and the Use of Mineral Resource,s VNIIKAM has 
developed procedural recommendations on the use of 
ASIM in GEIM based on a flowchart that includes the 
following stages: determination of purpose, formation of 
knowledge base, analysis of the geo-ecological situation, 
determination of requirements for initial aerospace and 
cartographic materials, formation of a bank of aerospace 
and cartographic materials, preprocessing of materials, 
deciphering of ASIM, processing and geo-ecological inter- 
pretation of ASIM deciphering results, determining tasks 
of on-ground verification of interpretation (GV1), imple- 
mentation of GVI, processing and analysis of results of 
GVI, editing schematic maps of geo-ecological content, 
preparing report and practical recommendations. Com- 
pleted studies have shown the need for more extensive 
incorporation of information of various kinds on different 
levels. Of particular interest is the combination of multi- 
spectral and high-resolution photographs, e.g. OPS JERS-1! 
and KFA-1000. Data can be processed only by using 
high-productivity computer equipment: 386’s, 486’s and 
workstations. Their availability enables the use of GIS 
technology—ARC INFO, ERDAS, and so on—to provide 
interactive and partly auiomated processing and deci- 
phering of ASIM, geo-ccological interpretation of the 
resultant materials with inclusion of geological-landscape 
data, and subsequent compilation of maps (charts) of 
geo-ecological content. In recent years such experimental 
work is being done at VNIIKAM and is a promising area 
for support of GEIM work on an up-to-date level. 
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Development of the Ecological Area in Research 
at VNITIKAM 
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[Article by T. A. Popova; UDC 577.4] 


[Text] Ecology, the system of biological disciplines that 
study the way that living organisms relate to the conditions 
of their habitation, to the environment, has received a new 
stimulus to active development in the last 20-30 years. 
This has been prompted by regional and global detrimental 
changes in the natural environment under the influence of 
human activity and industry, increased disastrous afteref- 
fects of pollution of the habitat, disruption of equilibrium 
in natural mutual relations, resulting in reduced ability of 
nature to clean itself and recover. There has been an 
upsurge of interest in ecology on the part of researchers in 
various fields, often far from an understanding of ecology, 
and the general population, which is having positive and 
negative consequences. Ecology as a science has undergone 
considerable changes. For a century after E. Haeckel 
introduced the concept of ecology in 1866, studies focused 
mainly on the mutual relations of plants and animals with 
the habitat on the level of the organism. Multidirectional 
studies are now being done on the molecular, organismic, 
populational and cenotic levels. Enhanced interest in the 
ecology of man is being observed. Narrow fields like 
geo-ecology are forming that look at geological factors of 
the habitat. 


At VNIIKAM, despite geological orientation, develop- 
ment of the broad ecological direction proceeded very 
naturally. This was promoted by the aims of Academician 
A. Ye. Fersman and Associate Member of the Academy N. 
G. Kell, who concentrated on comprehensive investigation 
of the natural environment. The base for ecological studies 
was combined work: on investigating principles that 
govern image formation on materials of various types: 
photographic, multizonal, radar, infrared; on development 
of a theory of interpretation, ascertainment of indirect and 
compound interpretive features. In the late fifties, when 
indication deciphering predominated in the Moscow 
school, especially geobotanical with compilation of maps 
of the prevalence of indicator species, landscape 
approaches to the cognition of mutual relations among 
components of the natural environment and to the inter- 
pretation of images on photographic materials were devel- 
oped at VNIIKAM (in the former LAER-LAEM). 


Extensive integrated studies were done in different geo- 
graphic zones for different purposes by groups under the 
direction of G. Ya. Meyer, V. P. Miroshnichenko, N. N. 
Sokolov and V. V. Sharkov. 


The classical embodiment of complexity was production 
work aimed at substantiating an irrigation system and 
effective use of natural resources in Kalmykia in 1961. In 
one season, maps were compiled on an area of more than 
four hundred-thousand sheets: geobotanical, soil [1], geo- 
morphological [5], hydrogeological—depths of occurrence 
and mineralization of ground waters [6, 7]. In this context, 
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methods were developed and improved for comprehensive 
profiling, referencing, intra-landscape extrapolation, land- 
scape analysis and thematic mapping based on materials of 
aerial photography [8, 22]. 


Doing justice to what was accomplished in this period, it 
must be noted that the research was not yet ecological, as 
it did not pursue the aim of cognition of the interaction of 
animate organisms with the habitat. Such a goal appeared 
from the instant of formulation in 1976 of the subject area 
directed at solution of practical problems of environ- 
mental protection. From then on, the stress in research was 
on ecosystems and their biotic component. For several 
years, the ecological area has been developed by a group of 
enthusiasts (soil scientist N. N. Semenova, geomorpholo- 
gist L. I. Berezkina, geobotanists Ye. V. Leontyeva and T. 
V. Naumova, cartographer F. §. Zubenko, oceanologist V. 
V. Feldshteyn) under supervision of the author of this 
article. Unfortunately, almost all of the work has been 
commissioned, is of a practical nature, and has precluded 
planning of research for a prolonged period and in the 
needed sequence, as well as with the desired depth of 
formulation. 


On the first stage of research for purposes of environ- 
mental protection, urgent tasks for the Northwest RSFSR 
were ascertained, that are handled more rapidly and eco- 
nomically by using remote imaging than by conventional 
on-ground methods. Work went on in parallel in two 
directions: the investigation of ecosystems that are poorest 
at retaining natural features and require protection; the 
investigation of ecosystems that undergo changes as a 
result of various kinds of human activity. 


One project in the first area was investigation of the nature 
of the Southeastern Volga Region, a territory that is 
attracting the attention of ornithologists as a stopover for 
species of birds on the White Sea-Baltic spring and autumn 
migration route. An extensive area that is largely impass- 
able has been covered by medium-scale aerial photog- 
raphy, crossed by paths of multizonal imaging, spot- 
checked in situ, and mapped. A set of thematic maps on a 
scale of 1:50,000 (geomorphological, soil, geobotanical, 
landscape) with large-scale insets in combination with the 
general characteristics of natural conditions enabled the 
groundwork to be laid in cooperation with specialists from 
other organizations for a wildlife preserve and eventual 
establishment of the first and only preserve of this kind to 
the present day in Leningrad Oblast: the Nizhnesvirskiy 
Preserve [21]. 


Later on, remote imaging materials (RIM) were used to 
study various ecosystems suggested as specially protected 
natural territories (SPNT). Among them are sanctuaries 
and natural monuments: Vyborgskiy, Mshinskiy, Rakovyy 
Lakes, Melkovodnoye, Shcheleyka and others. The results 
of this work and of research on anthropogenically dis- 
turbed territories and sources of pollution were turned 
over to the Institute of Urban Development for use in an 
Integrated Plan for Environmental Protection of Lenin- 
grad Oblast up to the Year 2005. General procedural 
recommendations on using RIM in the development of 
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Territorial Integrated Plans for Environmental Protection 
were turned over to the Central Institute of Urban Devel- 
opment. Data of investigation of the ecosystem of Rak- 
ovyy Lakes with large-scale maps were presented to Len- 
giprovodkhoz [Leningrad State Institute for the Planning 
of Water-Management and Reclamation Construction] for 
substantiation of planned projects. 


In the process of studying SPNT, concepts were worked 
out on an effective approach to singling out and planning 
protected territories based on analysis of RIM. This cer- 
tainly has to be an integral system, rather than random 
projects [12, 18]. Objectively selected sanctuaries, natural 
monuments and game preserves are joined in the system 
by green corridors, which maximizes the preservation of 
migrating species. Determination of the degree of preser- 
vation of a territory, the possibility of protecting it from 
detrimental factors, working out conditions for utilization 
of natural resources, developing full-fledged data charts for 
SPNT, thematic mapping—all are most effectively done 
with the availability of full-fledged RIM. We have 
attempted to carry out the aforementioned ideas based on 
the example of a national park [16]. 


The southeastern border of Leningrad Oblast encompasses 
the ground-water divide of two major water-collecting 
basins—the Baltic and Caspian—performs a crucial water- 
regulating function, is considerably less under human 
control than other regions of the oblast, and in some places 
has retained its natural flora, vegetation and fauna. Natu- 
ral-resource analysis, functional zoning and ecological- 
economic substantiating studies have been done for setting 
up the Vepsskiy National Forest based on specially per- 
formed aerial photography on a scale of 1:50,000, frag- 
ments on a scale of 1:20,000, and retrospective materials. 
At the present time, planners are using our materials for a 
feasibility study of the park. 


In the second direction, studies have been done on a variety 
of manifestations of changes in the natural environment and 
transformation of ecosystems under the influence of indus- 
trial enterprises, agriculture and forestry, hydraulic engi- 
neering structures and municipal development. 


It has been established that many disturbances of the 
natural environment due to man-induced factors are 
reflected on different kinds of RIM. A package of RIM— 
photographic, multizonal and multispectral, radar, infra- 
red—provides extensive information that is included in 
data about spectral brightnesses, thermal anomalies, sur- 
face roughness, electrical conductivity, and so on. Such 
materials record contamination of bodies of water with 
petroleum products, wastes of the paper and pulp industry, 
household sewage, and turbid bottom deposits. Distur- 
bances are recorded that are due to improper agricultural 
practices in erosion-prone and cavernous regions, 
improper choice of territories for land reclamation, inef- 
fective planning of the land improvement network, emer- 
gency dumping of wastes from livestock farms and indus- 
trial facilities, deviations in technology of mine 
reclamation. 
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The capability of contouring zones of the disturbed envi- 
ronment on photographs of various types and the synthesis 
of results of interpretation on a firm basis—enhanced 
composites—have enabled a transition to mapping of 
sources and areas of disturbances of ecosystems, to maps 
of the current status of the natural environment [4, 9, 10). 


An important stage in work in the second direction has 
been research on the water ecosystem comprising Lake 
Ladoga, the Neva River and the gulf of Finland, in which 
more than thirty organizations have participated under the 
authority of the Hydrological Institute. The main purpose 
of the research was to establish shifts in the status of the 
ecosystem due to anthropogenic activity, and especially 
engineering structures for flood control of St. Petersburg. 
The assumption was that the work would result in pro- 
posals for correction of plans aimed at reducing ecologi- 
cally dangerous effects. 


The ecological group at VNIIKAM has solved a wide range 
of problems on the basis of special aerial photography, 
aerovisual and in situ observations, use of satellite photo- 
graphic materials. The result has been discovery of 
numerous sources of contamination of water, recording of 
the paths of transport of loops of contamination and their 
transformation under the influence of synoptic conditions 
and depending on technological regimes, and coastal water 
vegetation has been mapped in the Neva Inlet and along 
the southern shore of Lake Ladoga [4]. Procedural 
approaches have been developed for interpreting and 
mapping coastal water vegetation and some other features, 
and technical and natural conditions have been deter- 
mined for optimum imaging of features [14, 19]. 


In studying water ecosystems, it is not enough to study 
bodies of water in isolation from their drainage basins. In 
this connection, one particular watershed has been 
studied: that of the Oyat River. Assessment of a set of 
conditions—remoteness of fields from primary and sec- 
ondary watercourses, slopes, exposures, unevenness of 
relief, lithology of quaternary deposits, preservation of 
natural vegetative cover—has enabled establishment of the 
nature of outwashing of solid materials (and with them 
mineral and organic fertilizers, pesticides, herbicides, 
heavy metals) with surface runoff, and determination of 
the fraction of participation of the Oyat River basin in the 
pollution and eutrophication of Lake Ladoga. On the 
whole, remotely sensed materials have shown considerable 
shifts in the status of the water ecosystem, and especially in 
the Neva Inlet, which was transformed during the stage of 
construction of flood control facilities into a nearly closed 
body of water with altered conditions of existence of the 
biota in respect to light, temperature, hydrochemistry and 
hydrodynamics. On the basis of observations, it was sug- 
gested that planners increase the water throughput of the 
gates in flood control structures in the Gulf of Finland 
beyond the confines of the dike, create water conservation 
zones, and eliminate major large sources of pollution not 
only in the water, but also on the watershed. 

Anthropogenically disturbed ecosystems have been 
studied in mining regions of Leningrad Oblast: in territo- 
ries of shaft mining of oil shales [10] and opencut mining 
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of bauxites [9], in timbering regions, industrial zones, 
especially zones of influence of pulp and paper combines, 
and in regions of intense agricultural development [20]. 


Conclusions regarding man-induced changes in ecosys- 
tems of Leningrad Oblast and recommendations regarding 
stabilizing measures were turned over to administrative 
agencies and utilized in work of an expert commission of 
the Leningrad Department of the Society for Preservation 
of Nature that examined land allocation acts of the Land 
Commission [1 3}. 


An essential stage in development of the ecological direc- 
tion is investigation of the dynamics of the environment. 
Of greatest interest in this respect were in situ studies and 
aerial photograpliy of key sections on Kuybyshev Reser- 
voir done in 1956-1960 and repeated in 1986-1988. On- 
ground investigations based on aerial photographs 
revealed changes that had taken place on the shores of the 
reservoir during the ensuing period, i.e. for thirty years. 
The shores were type-classified, the amount of washout 
and accumulation was determined on different sections, 
an analysis was made of the status bank protecting struc- 
tures, land use was analyzed within the confines of sloping 
surfaces, and slump effects were established, both new 
ones and sections of renewal of old ones. Corrections were 
made in preceding predictions [3]. 


Disastrous floods necessitated generalization of standard- 
observation data in 1993 on the status of the Volga-Kama 
stage of the reservoir. For six months, remote imaging 
materials were gathered on nine reservoirs—Rybinsk, 
Gorkiy, Volgograd, Saratov. Kuybyshev, Nizhnekamsk, 
Verkhnekamskiy, Votknisk, and Cheboksary—and a 
developed method was used to compile a map on a scale of 
1:1,000,000 with indication of types of shores, amounts of 
abrasion and accumulation. 


Daily, annual, seasonal and cyclic rhythms and funda- 
mental replacements in the ecosystem were studied on 
sections characterized by various landscape conditions. A 
general flowchart and some procedural approaches have 
been proposed for ascertaining replacements. The formu- 
lation of broad-plan production work for purposes of 
prediction and management of natural processes is hin- 
dered by an inadequate body of base materials. Monitoring 
of the environment has to be organized. Aerospace moni- 
toring of the natural environment (ASMNE) is most effec- 
tive for observing the dynamics of ecosystems, i.e. for 
observation on the cenotic level. We define ASMNE as a 
system of regulated observations of the natural environ- 
ment and of its component ecosystems based on remote 
information acquired by a set of sensors carried by aircraft 
and spacecraft. 


ASMNE tasks include: acquisition of information about 
the multicomponent natural environment, ecosystems of 
various rarks; storage of information in orderly form 
(creation of knowledge bases and databases); processing 
information and creating routine (signal) maps; comparing 
these data with retrospective data for the purpose of 
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registering changes in the form of a generalized synthe- 
sized map; predicting the consequences of natural pro- 
cesses and those provoked by human activity. The first 
stage, preparatory to monitoring, is taking inventory, 
during the course of which base maps of the current status 
of the natural environment are compiled [4, 9, 10). 


In accordance with hierarchical ranks of ecosystems, six 
levels of ASMNE are provided that correspond nicely to 
the scale series of RIM. Experimental work on monitoring 
has been done on the regional, subregional, local and 
detailed levels, mainly in the territory of Leningrad Oblast. 
On proving grounds, proving-ground sections and sites, 
base cartography was done, primary databases and data 
banks were acquired, interpretive features of natural and 
man-induced disturbances were established, requirements 
for monitoring were worked out, types of immediate and 
resultant maps were proposed, and interactive technology 
was developed for processing RIM [2, 11, 15, 17]. 


Implementation of ASMNE will enable: planning the effec- 
tive utilization of natural resources without making irre- 
versible changes in the natural environment; selecting 
optimum methods of restoring disturbed lands; planning 
environmental protection measures; taking inventory of 
sources of pollution and disturbance of the natural envi- 
ronment, mapping areas of disturbance; monitoring burst 
emissions of hazardous wastes, tracking the paths of their 
displacement in the water environment; monitoring the 
status of disposal sites, settling basins, spoil banks, 
detecting the locations of possible leaks, and consequently 
correcting them in time; studying the dynamics and 
rhythm of processes, and predicting their further develop- 
ment. Monitoring provides valuable material for type- 
classification of lands and water basins, compiling inven- 
tories, and making data charts of sources of pollution. In 
the course of ASMNE, researchers deal with an enormous 
body of information, and therefore it is necessary to 
develop geographic information systems and use computer 
technology to increase the immediacy of data processing. 


When studying the dynamics of ecosystems, difficulties of 
another kind are encountered as well. In situ studies show 
that within the confines of geochemical anomalies and in 
areas of high anthropogenic loading, the accumulation of 
harmful substances in plants shows up primarily on the 
Organismic level in the form of teratological changes, 
proliferation, deviations in the morphology of petals and 
calyx, in the occurrence of regeneration, and change of 
color. On the cenotic level, changes are registered fol- 
lowing a stress threshold, and are more difficult to fix. 


The appearance in the foreign literature of data about a 
“blue shift” (displacement of the long-wave edge of the 
zone of absorption of chlorophyll toward shorter waves) 
for plants that are in a stressed state has raised hopes for 
the possibility of determining their stressed state by using 
updated spectrophotometers. The first experiment was 
done on winter wheat grown in Petri dishes on artificial 
media with different concentrations of salts of heavy 
metals. Measurements of spectral brightness factors (SBF) 
revealed the presence of a “‘blue shift” in the 700-755 nm 
band. 
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The next experiment was done under controlled conditions 
on the Biotron Proving Ground in Kishinev. The experi- 
mental plants (soybeans) were grown on a number of plots, 
some the control and the others experimental. On the exper- 
imental plots, conditions were arranged with different con- 
centrations of zinc, copper and lead. During the entire 
vegetative period, the metal content in plants and soil was 
determined, and spectral characteristics were measured by a 
PSF spectrophotometer, a Specord M 40 laboratory spectro- 
photometer and a Hitachi fluorometer. In measurement of 
SBF it was found that increased copper and lead concentra- 
tion in soybeans changes the spectral reflection of crops. 


Observations were also made in situ under natural condi- 
tions. It is quite apparent that in some cases photospec- 
trometers can be used to record earlier stages of the 
stressed state. Improvements are needed in hardware for 
recording SBF in narrow spectral bands and conducting 
carefully planned experiments. 


In the process of the aforementioned work, a broad ecological 
research area was developed. It is this that has enabled the 
solution of urgent practical problems of utilizing natural 
resources. The area has attracted the attention of many 
research teams. The results of procedural and practical devel- 
opments have been reported at numerous conferences, con- 
gresses, symposia and forums, and have been displayed in 
exhibitions, which has been conducive to the evolution of 
ecological research both in the oblast and in the nation. 


REFERENCES 


1. Vavilov, Ye. I., Kuznetsov, V. V., Semenova, N. N., 
““Soil-Reclamation Mapping Based on Materials of 
Aerial Photography in the Sarpinskiy Lowlands” in: 
‘“Opyt kartirovaniya rastitelnosti i pochv po 
aerosyemkam”’ [Experience in Mapping Vegetation and 
Soils From Aerial Photographs], Leningrad, 1964, pp 
147-162. 


2. Gusev, N. A., Maltseva, I. G., Popova, T. A. et al., 
“Otsenka chastoty kosmicheskoy syemki vysokogo 
razresheniya, neobkhodimoy lya effektivnogo ispolzo- 
vaniya snimkov” [Estimating the Frequency of High- 
Resolution Satellite Photography Necessary for Effec- 
tive Utilization of Photographs], Leningrad, 1988, 
VINITI Dep. No 10585. 


3. Bespalov, V. G., Firsenkova, F. M., eds., ““Dinamika 
landshaftov v zone vliyaniya Kuybyshevskogo vodokh- 
ranilishcha” [Dynamics of Landscapes in the Zone of 
Influence of Kuybyshev Reservoir], St. Petersburg, 
Nauka, 1991. 


4. Zubenko, F. S., Popova, T. A., “Skeleton Maps of 
Man-Induced Disburbance of Water of the Neva Inlet” 
in: “Atlas geoekologicheskikh kart Severo-Zapadnogo 
regiona RFSFR” [Atlas of Geo-Ecological Maps of the 
Northwest Territory of the RSFSR], Leningrad, 1990, 
pp 28, 29, 54. 


5. Mozhayeva, V. G., “Geomorphoiogical Mapping in Soil 
Reclamation Studies Using Aerial Photographic Materi- 
als” in: “Opyt kartirovaniya rastitelnosti i pochv po 
aerosyemkam,” Leningrad, 1964, pp 132-146. 


JPRS-UST-95-004 
27 January 1995 


6. Nefedov, K. Ye., “Hydrogeological Mapping From 
Aerial Photographic Materials,” DOKLADY AKA- 
DEMII NAUK SSSR, Vol 148, No 3, 1963, pp 676-678. 


7. Nefedov, K. Ye., “Mapping Ground Waters in Soil 
Reclamation Studies in Semidesert Regions Near the 
Caspian Sea Based on Materials of Aerial Photogra- 
phy” in: “Opyt kartirovaniya rastitelnosti i pochv po 
aerosyemkam,” Leningrad, 1964, pp 121-131. 


8. Nefedev, K. Ye., Popova, T. A., “Deshifrirovaniye 
gruntovykh vod po aerofotosnimkam” [Interpreting 
Ground Waters From Aerial Photographs], Leningrad, 
Gidrometeoizdat, 1969. 


9. Popova, T. A., Leontyeva, Ye. V., Semenova, N. N. 
“Map of Man-Induced Disturbance of Ecosystems of 
Boksitogorsk Mining Region” in: “Atlas geoekolog- 
icheskikh kart Severo-Zapadnogo regiona RFSFR,” 
Leningrad, 1990, pp 3-4, 44-45. 


10 Popova, T. A., Leontyeva, Ye. V., Semenova, N. N. 
‘Map of Man-Induced Disturbance of Ecosystems of 
Slantsy Mining Region’”’ in: “Atlas geoekologicheskikh 
kart Severo-Zapadnogo regiona RFSFR,” Leningrad, 
1990, pp 5-6, 45-46. 


11. Popova, T. A., Zubenko, F. S., Leontyeva, Ye. V. et 
al., “Substantiating Systems Surface-Air-Satellite Eco- 
logical Monitoring of the Natural Environment Based 
on the Example of Leningrad Oblast” in: ““Nauchno- 
prakticheskaya konferentsiya Sistemnyy nazemno- 
aerokosmoekologicheskiy monitoring prirodnoy sredy 
(Sverdlovsk, 14-16 maya 1991 g.): Tezisy dokladov” 
[Scientific-Practical Conference on Systems Surface- 
Air-Satellite Ecological Monitoring of the Natural 
Environment (Sverdlovsk, 14-16 May 1991): 
Abstracts of Reports], Sverdlovsk, 1991, pp 23-25. 


12. Popova, T. A., Leontyeva, Ye. V., Naumova, T. V. et 
al., “Remote Methods in Substantiating and Planning a 
System of Environmentally Protected Territories” in: 
““Nauchno-prakticheskaya konferentsiya Sistemnyy 
nazemno-aerokosmoekologicheskiy monitoring 
prirodnoy sredy (Sverdlovsk, 14-16 maya 1991 g.): 
Tezisy dokladov,”” Sverdlovsk, 1991, pp 210-211. 


13. Popova, T. A., Tsvirov, S. V. “Role of Remote 
Methods in Ecological Expert Evaluation”’ in: 
‘““Nauchno-prakticheskaya konferentsiya Sistemnyy 
nazemno-aerokosmoekologicheskiy monitoring 
prirodnoy sredy (Sverdlovsk, 14-16 maya 1991 g.): 
Tezisy dokladov,”’ Sverdlovsk, 1991, pp 174-175 


14. Popova, T. A., “Principles That Govern Distribution 
and Dynamics of Coastal-Water Vegetation in the 
Eastern Part of the Gulf of Finland According to 
Remotely Imaged Data” in: “Chetvertaya mezhdun- 
arodnaya konferentsiya obyektovoy podsistemy 
‘Okeangeoresursy’: Tezisy dokladov” [Fourth Interna- 
tional Conference of Project Subsystem ‘‘Okean- 
georesursy”: Abstracts of Reports], St. Petersburg, 
1991, p 55. 








This report may contain copyrighted material. Copying and dissemination 
is prohibited without permission of the copyright owners. 














JPRS-UST-95-004 
27 January 1995 


15. Popova, T. A., Semenova, N. N., Leontyeva, Ye. V., 
Naumova, T. V., “Using Remote Methods in Ecolog- 
ical Monitoring of Bodies of Water” in: ‘Vse- 
rossiyskoye soveshchaniye Aerokosmichekiye metody 
pri geoekologicheskom kartografirovanii i vedenii 
monitoringa geologicheskoy sredy, 27 sentyarya-! 
oktyabrya 1993 g.: Tezisy dokladov’’ [Aerospace 
Methods in Geo-Ecological Cartography and Moni- 
toring of the Geological Environment: Abstracts of 
Reports to the All-Russian Conference of 27 Sep-1 Oct 
1993: Abstracts of Report], Moscow, 1993, pp 70-71. 


16. Popova, T. A., Semenova, N. N., Leontyeva, Ye. V., 
Naumova, T. V., “Natural National Parks as Proving 
Grounds for Regional, Local and Detailed Monitor- 
ing’’ in: “Vserossiyskoye soveshchaniye Aerokos- 
michekiye metody pri geoekologicheskom kar- 
tografirovaniii vedenii monitoringa geologicheskoy 
sredy, 27 sentyarya-! oktyabrya 1993 g.: Tezisy dok- 
ladov,”” Moscow, 1993. pp 58-59. 


17. Popova, T. A., Semenova, N. N., Zubenko, F. S. et al., 
“Timeliness of Organizing Aerospace Monitoring of 
Leningrad (St. Petersburg) Region’ in: ‘‘Vse- 
rossiyskoye soveshchaniye Aerokosmichekiye metody 
pri geoekologicheskom kartografirovaniii vedenii 
monitoringa geologicheskoy sredy, 27 sentyarya-| 
oktyabrya 1993 g.: Tezisy dokladov,” Moscow, 1993, 
pp 55-57. 


18. Popova, T. A., Semenova, N. N., Leontyeva, Ye. V., 
Naumova, T. V., “Remote Methods in Planning a 
System of Protected Territories” in: “Tezisy dokladov 
Mezhdunarodnoy konferentsii ‘Aerokosmicheskiye 
metody geologicheskikh i ekologicheskikh issledo- 
vaniy, 30 maya-4 iyunia 1944 g.” [Aerospace 
Methods of Geological and Ecological Research: 
Abstracts of Reports to the International Conference, 
30 May-4 June 1994], St. Petersburg, 1994, pp 88-90. 


19. Popova, T. A., Naumova, T. V., “Investigating 
Coastal-Water Vegetation Using Remote Methods” 
in: “Tezisy dokladov Mezhdunarodnoy konferentsii 
‘Aerokosmicheskiye metody geologicheskikh i ekolog- 
icheskikh issledovaniy,’ 30 maya-4 iyunia 1944 g.,”’ St. 
Petersburg, 1994, p 161. 


20. Semenova, N. N., ““Ascertainment and Assessment of 
Agricultural Fallow Land From Materials of Aerial 
Photography” in: ‘“Metodicheskiye rekomendatsii po 
vyyavleniyu massivov zabroshennykh pashen” [Pro- 
cedural Recommendations on Ascertainment of 
Blocks of Abandoned Tillable Land], V. V. 
Dokuchayev Soil Institute, Moscow, 1990, pp 20-42. 


21. Skarlato, O. A., Ipatov, V. S., Noskov, G. A., Boch, M. 
S., ‘“‘Nizhnesvirskiy Reserve” in: ‘“Zapovedniki 
yevropeyskoy chasti RSFSR” [Wildlife Reserves of 
European Part of the RSFSR], Moscow, 1988, Part 1, 
pp 128-151. 


47 


22. Nefedov, K. E., Popova, T. A., “Deciphering of 
Ground Water From Acrial Photography,” Published 
for the National Aeronautics and Space Administra- 
tion and the National Science Foundation, Wash- 
ington, D.C. by Amerind Publishing Co. Pvt. Ltd., 
New Delhi-I, 1972. 


Specifics of Integrating GIS and Remote Sensing 
Technologies in the Study of Natural Resources 


957N0027A Moscow OTECHESTVENNAYA 
GEOLOGIYA in Russian No 6, Jun 94 pp 60-68 


[Article by A. N. Rogov; UDC 550.8.012] 


[Text] For quite some time geographic information sys- 
tems (GIS) and remote sensing technologies evolved in 
parallel without overlapping in any significant way. How- 
ever, in the last five or six years there have been some 
serious changes, and it has been recognized that there is a 
potential for integrating GIS and remote sensing. Among 
the specific initiatives in this direction, we cite a series of 
conferences sponsored by the U.S. National Geographic 
Center [6], the European GISDATA scientific program [8], 
and finally, our project on creating the Geosystem [3]. 
Four levels are distinguished in the use of aerospace 
information in GIS [7]: 


initial raw data; 
photographs transformed to cartographic projection; 
results of combined processing of photographs; 


information extracted from photographs (e.g. results of 
classifying features). 


One of the problems impeding the combined use of remote 
and cartographic information in GIS is the different forms 
of its representation in computer processing: raster for 
aerospace data, and vector for cartographic data. In par- 
ticular, problems come up in database creation and man- 
agement, in the combined interpretation of remotely 
sensed and cartographic materials. 


This subject is very broad and multidisciplinary, and we 
are not going to try to study all its aspects, the more so as 
this has already been done in survey [6]. We will take a 
look here at existing satellite imaging systems, will describe 
software and hardware for combined dissimilar data, and 
the prototype of a territorial information system devel- 
oped at the Engineering Center of VNIIKAM [the All- 
Russian Scientific Research Institute of Satellite Aerogeo- 
logical Methods]. 


The basis of integration of GIS and remote sensing tech- 
nologies is methods of modeling objects and processes 
including methods of geoindication modeling [1]. Present- 
day aviation and satellite imaging systems are metrologi- 
cally supported, and enable acquisition of data in digital 
form, which considerably facilitates development of 
effective methods of integrating remotely sensed and 
geological-geophysical data. 
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Satellite Imaging Systems 

Satelliterecording Spectral channels, xm Spatial resolution, m Strip covered, km Notes 

instrument L 

Metecr series weather satellite 
T 

MSU 1/0.5-0.6 1000 1930 Section scanned twice per 

digital SK-scanner 2/0.6-0.7 day 
| 3/0.7-0.8 
| 4/0.8-1.0 

Kosmos 1939 satellite with scanning systems 

MSU | 1/0.5-0.6 175 600 Section scanned at 14-day 

digital SK-scanner | 2/0.6-0.7 intervals 

4 , 3/0.7-0.8 
| 4 0.8-1.0 } 
| $§/10.3-11.8 600 

MSU 1 0.5-0.6 34-35 45 Section scanned at 14-day 

digital E-scanner | 2.6-2.7 intervals 
| 3/9.8-0.9 

Aimaz series satellite 
. 

Digital radar sysiem | 10cm 20 40 Data accessed from 
archive until neat launch 
| of satellite of this series 

Kosmos-1939 series satellite with piiotographic systems 

KATE40 Data accessed from 

camera | 0.5-0.7 30 450x450 archive until next launch 
high-resolution | 0.5.0.7 10 200x300 of satel!:te of this serics 
camera | 

KFA-1000 

camera with | 0.5-0.7 3-6 75x75 
long-focus | 

objective lens | 0.5-0.7 2 40x40 
ultrahigh-reso- 

lution camera 

Foreign satellites 
TO 

Landsat MSS (USA) | 1/0.5-0.6 80 185 Section scanned at 16-day 

digital scanner | 2/0.6-0.7 intervals 
| 3/0.7-0.8 
| 4/0.8-1.1 

Landsat TM (USA) | 1/0.48-0.52 30 185 Section scanned at 16-day 

digital scanner » 2/0.$2-0.60 intervals 
| 3/0.63-0.69 
4/0.76-0.90 
| $/1.55-1.75 
| 6/10.4-12.5 120 
| 7/2.08-2.35 30 

Spot (France) | ! 0 $0-0.59 20 60 Section scanned at 5-day 

digital scanner | 2/0.61-0.68 (120) intervals 
¥V0.79-0.89 
{4 '0.51-0.73 

NOAA AVHRR (USA) T 1/0.55-0.9 1000 3000 Section scanned at 4-day 

digital scanner | 2/0.725-1.1 intervals 
| 3/3.$5-3.93 
4/10.5-11.5 

§/11.5-12.5 
JERPS-1 (Japan) 1/0.52-0.60 18 75 Section scanned at 44-day 
OPS digital scanners 2/0 463-0.69 intervals 
¥/0.76-0.86 
4/0.76-0.86 
(presighting) 
5/1.60-1.71 
6/2.01-2.12 
7/2.13-2.25 
8'2.27-2.40 
SAR digital radar 23.5 cm 18 75 
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Russian satellite imaging systems enable acquisition of 
information in different bands of the spectrum from visible 
to radio-wave (table). And with respect to spatial resolution 
(down to 2 m), Russian photographic systems have no peers 
anywhere in the world. Information comes in both in digital 
form on magnetic tape, and in analog form registered on 
film. In the latter case, it must be digitized by a precision 
scanner. Among foreign systems, we note the new Japanese 
JERS-1 satellite equipped with two scanners (seven 
channels) and a synthesis radar system. 


In our opinion, the potential capabilities of modern satel- 
lite imaging systems can be most fully realized by modeling 
based on using the intelligent GIS proposed in [5]. In 
addition to the databases that are traditional for GIS, use 
is also made of expertise (pattern library, knowledge base), 
enabling the modeling process to be done by the method of 
successive approximations, satisfying requirements on 
quality criteria of results (Fig. 1). Let us note that such a 
process is accompanied by an estimate of the cost of each 
iteration. 
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Fig. 1. Components of smart GIS with feedback [5] 
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Fig. 2. Version of system for regional GIS support 





Let us now take a look at questions of software and 
hardware support of modeling, which is accomplished by 
integrated geographic information systems that incorpo- 
rate means of image processing and combined analysis of 
data in raster and vector form. The integrated GIS sup- 
ports modeling of objects and processes based on expertise 
and parameters determined from aerospace, geophysical, 


geochemical and other data. At VNIIKAM, the RSdPS 
software system has been developed for the IBM PC 
running MS DOS. The RSdPS system (Fig. 2) is designed 
to provide interactive and automated processing of 
remotely imaged materials: aerial and satellite photo- 
graphs (ASP) alone and in combination with other layers 
of information (topographic, geological, geophysical and 
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the like). The RSdPS system works with data represented 
in both raster and vector forms, supporting various forms 
of combination and conversion. On the other hand, RSdPS 
does not set itself the task of solving all GIS problems. The 
stress is On processing raster data (primarily ASP) and 
their combination with vector information. When consid- 
erable work must be done with data in vector form, it 
might be useful to merge this software with vector geo- 
graphic information systems. Likewise, RSdPS does not 
tackle geophysics or geochemistry tasks, as there is special- 
ized software for these purposes. 


RSdPS is constructed as a system controlled by pulldown 
menus. Data for processing can be selected both from a 
database and from a file directory. Menu selection uses 
standard methods: arrow keys, selection of highlighted 
letter, mouse. Processing functions are also selected from 
the menu, and their parameters are assigned from the 
keyboard. 


The basic technical specifications of hardware and soft- 
ware are as follows: 


IBM PC-compatible 386/387 computer or higher; 


at least 640K of RAM, expanded memory is not manda- 
tory, but speeds up the operation of some modules; 


VGA monitor, an IBM514-compatible monitor is used for 
higher-quality display of monochrome and color images; 


mouse, 


the program package takes up 3-4 MB of hard disk space, 
and image processing requires much more—from a few 
megabytes to tens and hundreds: 


images of up to 16,000 pixels in a line can be processed 
(some modules have stiffer constraints that are specifically 
stipulated), 


image input is possible from a scanner in TIFF format, 
from magnetic tape (satellite images in digital form), or 
from any other IBM PC-compatible medium; 


Output is supported for 9-pin dot-matrix and HP LaserJet 
IIl-compatible printers and HPGL-compatible plotters. 


The software supports operation with raster and vector 
data. Byte format is used for raster data: 256-grayscale 
monochrome, one byte per pixel, pixel after pixel in line, 
line after line, without headers and any other controlling 
information. Some modules support operation with dif- 
ferent flavors of TIFF format, provisions are made for 
converting TIFF files to byte format and vice versa. A 
proprietary format is used for vector data (contcur, point 
and areal). Means are provided for converting it back and 
forth to the widely prevalent DXF and PLT formats. 
Compatibility of RSdPS with conventional formats 
enables the given system to be used in the context of 
natural sharing of operations with other software products. 
For example, when preparing results for printer output, 
especially for color printing and when merging images with 
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text, programs like PhotoStyler and CorelDraw may be 
useful for direct editing of images, or desktop publishing 
systems. 


The RSdPS system has the following functional capabilities: 


geometric conversion (raster and vector)—shifting, 
scaling, rotation, affine and projective transformations, 
local deformations with respect to reference points, correc- 
tion of NOAA and Kosmos 1939 satellite data: 


histogram transformations for raster, 
creation of false-color images: 


working with fragments (for raster and vector}—cutout of 
rectangular fragment, assembling a frame from fragments, 
constructing masks and cutting out fragments of arbitrary 
shape by such masks; 


interactive interpretation of a raster—super:mposing 
vector layers of information on a raster, using the mouse to 
construct a new vector layer or edit an old one. In this 
context, tie-in of the coordinate systems of the vector layer 
to the raster layer is supported: 


filtration of raster data—emphasizing and distinguishing 
contours, smoothing, median filtration. linear filtering 
with a sliding window and user-assigned weights: 


clustering and recognition with learning: 
the method of main components: 


differentiating and analyzing lineaments—ploiting rose 
diagrams, length histograms, selecting subsystems of linca- 
ments in accordance with limitations on length and direc- 
tion, plotting rose diagrams with sliding window, esti- 
mating the densities of lineaments; 


conversion of data formats (raster-vector): 


plotting isolines and interpolating values from known 
isolines; 


arithmetic operations on pairs of images: 
import/export of data in TIFF, DXF and PLT formats. 


RSdPS realizes practically all functional capabilities of 
such a popular system as IDRISI, and approaches the 
DRAGON system. But raster functions are supplemented 
by more advanced work with vector data and support of 
interactive interpretation. The system is not as good as 
developed geographic information systems based on work- 
stations (ERDAS, AR.C/INFO and others). At the same 
time, RSdPS contains some functions that are not incor- 
porated into their IBM PC versions. 


The system is being used at VNIIKAM to solve problems 
in the geological and geo-ecological area. For example. 
creation of an aerospace and cartographic information 
bank in digital form for test sections of the Northwest and 
Polar regions of Russia. The goal of geological-ecological 
research and cartography is to study the status and changes 
of the environment under the effect of technogenic and 
natural factors. The RSdPS system has been used to 
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vectorize cartographic data, to process aerial and satellite 
photographs, and to interpret them in the interactive 
mode. 


The resultant aerospace and cartographic data bank has 
been used as a basis for compiling: a map of technogenic 
disturbance of the environment, a landscape-indication 
map on a scale of 1:200,000; a diagram of the dynamics of 
the environment for the zone of influence of the Norilsk 
Metallurgical Combine on a scale of 1:200,000; diagrams 
of the status of the natural environment on construction 
materials quarry sections on a scale of 1:50,000. 


In addition, procedures have been developed for pro- 
cessing multizonal and radar digital materials for GIS- 
based support of estimated prediction of solid minerals 
and fuel resources of the territory of Northwest Russia. 
The practical purpose of research in petroleum and gas 
geology boils down to developing and improving criteria 
and methods of quantitative evaluation of the petroleum 
and gas potential of natural objects. Use of ASP is most 
effective for studying problems of tectonics on the regional 
stage and on the initial phase of the exploratory stage. 
Research objects on the regional stage are petroleum and 
gas accumulations, and on the exploratory stage— 
hydrocarbon traps. Information about these objects can be 
significantly supplemented by using ASP, including com- 
puter-processed images. 


By incorporating ASP into geological-geophysical data, the 
following problems can be solved: 


more precise determination of petroleum and gas geolog- 
ical zoning diagrams; 


ascertainment of structure-verifying faults, zones of 
cracking; 


ascertainment of major traps; 
selection of promising areas for exploration. 


Satellite-geological methods enable contouring, including 
with respect to a set of geoindicators, areal and linear 
features conditioned by manifestation of tectonic disloca- 
tions in the landscape, and also delineation of strained 
sections reflecting internal tectonic stresses of deep levels 
of the sedimentary sheath that might indicate systems of 
rocks with different collector properties. Lineament anal- 
ysis helps to reveal the boundaries of tectonic blocks with 
different rates of tectonic movements and the buried 
structural-sedimentary inhomogeneities that are confined 
to them. In quantitative assessment of the outlook for gas 
and oil bearing potential, aerial and satellite photographs 
can be used to study both the internal structure of objects 
(including the degree of their disturbance) and their con- 
tours. 


In doing work on the test section situated within the 
confines of the Timan-Pechora fields, on the stage of 
formation of the database—during data entry and process- 
ing—use was made of geometric transformations and 
conversion fragments for reducing data to the same scale. 
Conversion of raster data, filtration and the like can be 
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done both from isolated and from synthesized photo- 
graphs. This intensifies the endogenic component of the 
image, enables more objective differentiation of linear and 
arc elements and blocks that are characterized by homo- 
geneous structure, and can be used in zoning a territory 
and distinguishing major faulting. 


Synthesizing, merging and other operations done with the 
use of multizonal satellite photographs, and the produc- 
tion of false-color images, are used for intensifying weak 
anomalous effects and for clearer delineation of blocks. 
Programs of cluster analysis and classification enable us to 
distinguish regions with the closest characteristics of 
brightness properties. When working with a large number 
of matrices, it is advisable to use the method of main 
components to reduce the dimensionality of feature space. 
And the new features that are acquired as combinations of 
the initial features are independent and carry useful infor- 
mation without significant losses. 


Differentiation and analysis of geoindicators (lineaments, 
the erosion network, lakes and the like) is done both 
visually and in the automatic mode. In automatic differ- 
entiation of lineaments from an image, the following 
operations are realized: computation of levels of optical 
density; determination of threshold values (lineaments 
versus background); division of values of gradients into 
those corresponding to lineaments and those corre- 
sponding to the background. The software that has been 
developed enables not only ascertainment of the entire set 
of lineaments, but also their division according to direc- 
tions and lengths, construction of rose diagrams, finding 
their points of intersection, and calculating their densities. 
The software has been used to compute the coefficients of 
correlation between features. 


The result has been tectonic and petroleum-gas geological 
zoning, and determination of the network of faults that 
influence the formation and distribution of hydrocarbon 
pools. Technology has been developed for ASP processing 
and analysis for predicted assessment of territories char- 
acterized by different geological structures and landscape 
conditions. 


Let us now take a look at the possibilities for using the 
RSdPS system to solve problems of geographic informa- 
tion support of regions. It is becoming clear that the efforts 
of individual sectors (we refer to the project of creating the 
Geosystem [3]) do not suffice for setting up a geographic 
information infrastructure that could satisfy the needs of 
regions for geographic information. Under today’s condi- 
tions, it seems promising and economically justifiable for 
innovative programs, in particular the Inzhiniringset 
Rossii Federal Innovative Program [2], to take part as well 
in formation of such an infrastructure. The Engineering 
Center of Aerospace Geographic Information of VNI- 
IKAM is one of the coordinating centers of this program. 


Let us take a look at a possible version of geographic 
information support of a region based on using satellite 
imaging data (Fig. 3). Provision is made both for data 
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Fig. 3. Version of system for geographic information support of region 





acquisition from archives and for ordering imaging mis- 
sions. An enormous body of materials has been archived, 
which enables analysis of data acquired at different times 
on the same sections of the earth, and investigation of the 
dynamics of different processes. The given information 
infrastructure is multipurpose and is intended for pro- 
viding different categories of users with timely and reliable 
information and documents needed in preparation for 
decision making. The main source of data is a program of 
satellite scanning of the earth, and the functions of geo- 
graphic information server are performed by the Aero- 
space Information Center which communicates over data 
transmission channels (regularly updated and supple- 
mented with information) with territorial information 
systems (TIS) or specialized end-user information systems 
that are generally based on personal computer equipment. 
The information bank of the center contains an aggregate 
of three bases: database, mod_| base and knowledge base 
(core of the information bank). A database management 
system controls operation of these bases and interaction 
with users. The hardware and software of the center is 
based on a local-area network that includes workstations, 
X-terminals, personal computers, and facilities for data 
input and documentation of results. The hardware, soft- 
ware and technology support of the Center permits 
regional geographic information systems to be set up for 
extensive territories, reducing the information shortage of 
a region in stages by providing information service, setting 


up and expanding territorial information systems that 
satisfy the needs of clients from different sectors of the 
economy. 


Let us clarify the foregoing, using the example of a VNI- 
IKAM project: a territorial information center based on 
satellite photographs. 


Based on the example of the Maritime Territory, the 
system demonstrates the feasibility of using satellite pho- 
tographs and GIS technology for informational support of 
tasks of utilizing natural resources and integrated develop- 
ment of regions of Russia. Provision is made for comput- 
erized merging of data from different cartographic sources 
and materials of satellite photography when solving prob- 
lems on the regional level in the area of classification of 
lands, ecological and administrative monitoring, and per- 
formance of project work. In particular, the system shows 
the capability of determining the current state of wood- 
lands for purposes of timber utilization, and assessment of 
topographic and geological conditions when planning 
transport structures. A demonstration example has been 
prepared based on the RSdPS system. Work has been 
started on incorporating workstations and appropriate 
software—GIS, ARC/INFO and ERDAS—into technology 
for data processing and analysis. | 


The thematic body of data, the level of data generalization, 
selection of required layers of information, and of satellite 
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imaging materials, procedures and methods of data anal- 
ysis adequate to the task are determined primarily by the 
problems facing the user. The level of tasks to be done may 
range from regional, as in the given example, to detailed. 
For example, in accordance with the respective materials, 
satellite photographs may distinguish objects down to a 
few meters, and for more detailed studies the materials of 
aerial photography can be used. The system is intended for 
using a database to select, scrutinize and process different 
layers of geographically coordinated information. Contour 
information can be examined against the background of a 
coordinated satellite photograph, raster image of a map, 
and so on. In this context, any number of layers and 
combinations may be used. Visual analysis of information 
is supplemented by measurements: estimation of areas, 
plotting of profiles. 


The main purpose of the system is to demonstrate: 


approaches to representation of remote and cartographic 
data; 


examples of space photographs acquired by three different 
imaging systems: 


possibilities for visual and automated integration and 
analysis of cartographic information; 


the feasibility of rapid and relatively inexpensive updating 
of cartographic materials from results of satellite imaging. 


Thus, the software that has been developed enables the 
geologist to work with databases. perform integrated pro- 
cessing of dissimilar data, model processes and objects, 
prepare and format cartographic output. 


Trial! of the software system has confirmed the feasibility 
of utilizing it to solve some specific geological and geo- 
ecological problems, and to handle tasks of utilization of 
natural resources, and has shown that the system is acces- 
sible to end users. With respect to functional completeness 
in handling geological and geo-ecological problems, it 
looks like this software outdoes competing popular soft- 
ware packages in its class for image processing and GIS 
technology in the MS DOS environment, such as IDRISI. 


Further testing of the software system will enable more 
complete ascertainment of its capabilities and limitations, 
and determination of priority goals for systems develop- 
ment. Technologies also have to be developed for solving 
geological and geo-ecological problems by using this 
system and other software. Let us also mention here the 
possibility developing aids for the final user to work with 
the system, which will promote wider application. 
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L. Sorokin, Polar Scientific Research Institute of Sea 
Fisheries and Oceanography imeni N. M. Knipovich, and 
K. M. Petrov, St. Petersburg State University, UDC 
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[Text] The significance of littorals in the histry of human 
civilization is enormous. And this significance is growing 
every year. Seacoasts are the zone of man’s busiest activity. 
Under construction here are roads and other lines of 
communication, industrial, utility and recreational facili- 
ties, hydraulic engineering and shore protection structures, 
petroleum and gas are being recovered, loose construction 
materials are being quarried, and seacoast placer mining is 
being developed. This is the natural spawning ground for 
many species of fish, and the area for sea farming. And at 
the same time, it is the zone of greatest pollution by 
products of man’s economic activity. 


Because of all this, seacoasts (and also the shores of large 
inland bodies of water) are specific and very important 
territories from the standpoint of the national economy. 
For many nations, these are regions where almost the 








This report may contain copyrighted material. Copying and dissemination 
is prohibited without permission of the copyright owners. 

















JPRS-UST-95-004 
27 January 1995 


entire population, industry, means of communication and 
trade, i.e. all of life, is concentrated, and the interior is 
taken up by nearly uninhabited mountains or deserts. If it 
be considered that littorals are generally on top of all this 
the most dynamic geological-geographic features, then it 
becomes clear that they must be continuously and carefully 
mapped, and that the mapping must be integrated, focused 
primarily not on meeting departmental or purely scientific 
interests, but rather on satisfying practical interests, i.e. the 
interests of the local and federal administration, as well as 
all services and organizations whose activity is associated 
with some economic use of littorals or their protection. 


The importance of this problem, as usual, has already been 
appreciated for a long time elsewhere. Even during World 
War Il, the U.S. military recognized the necessity of 
compiling overland-marine maps containing information 
about features and natural conditions of coastal shallows 
and coastal land belts without which it would be difficult 
to wage successful landing operations or coastal defense 
{[McCurdy, 1950]. And in the early seventies in New 
Jersey, a law was passed on compilation of a map of coastal 
territories and the tidal zone [7]. At the present time, the 
National Mapping Devision of the U.S. Geological Survey 
is conducting programs of mapping coastal lowlands for 
the purpose of providing cartographic information neces- 
sary for management of coastal resources. This informa- 
tion is taken into consideration by the federal and local 
administration and the private sector when making deci- 
sions about the use of land and water resources. What is 
interesting and unusual for us is the ultimate purpose of 
these programs: making the zone of coastal lowlands 
profitable [8]. This simple and understandable goal just 
couldn't have occurred here before now. Of course, we 
have studied littorals, too. Geologists have studied their 
geological structure, geomorphologists have studied their 
relief, and so on. Each worked chiefly in the interests of his 
own department, in his own special field, or to satisfy his 
own scientific interests. And, of course, no one gave a 
thought to the interests, say, of the local administration. 
And incidentally, such administrations probably had no 
interests, either. 


Times have changed. And we have likewise finally come to 
understand that littorals really can and should be profit- 
able. But this can be achieved only by efficient utilization 
of natural resources. And that is possible only with the 
availability of complete information about the littoral, 
which can be acquired only by integratec ~ apping. 


The question of makeup of a set of maps» _ther compli- 
cated, requiring special research, and the. viore is not the 
subject of this paper. Here we wish only to call attention to 
this major problem, and set forth some proposals that come 
out of our years of experience in studying littorals [1, 3-5]: 


the subject of integrated mapping should be coastal strips 
of dry land and shallows roughly out to an isobath of 20 m, 
constituting a single natural-economic complex; 


mapping should be based on remote imaging materials 
(RIM), including specialized aerial photography of the sea 
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bottom, enabling an aerial photographic image to be 
obtained to depths somewhat exceeding the depth of white 
disk visibility; 

results of RIM interpretation should be supplemented with 
data of direct field observations that cannot be obtained by 
remote methods; 


mapping should be done on sections of the littoral that are 
most important from the economic standpoint on a large 
scale (1:25,000-1:50,000) which, of course, does not 
exclude formulation of similar projects on a smaller scale 
over more extended sections of the littoral; 


the basis of the set of maps should be a geological map 
complied by the method of aerial photographic geological 
mapping [APGM) or by the method of additional geolog- 
ical study (AGS). The geological map must be combined 
with a map of mineral wealth with particular emphasis on 
local construction materials and underground water. 
Clearly, maps are needed that give the characteristics of 
the engineering-geological conditions of the territory and 
its relief; 


the package must include a map of lithodynamics com- 
piled with the enlistment of retrospective RIM and carto- 
graphic materials. The map should predict the develop- 
ment of the littoral for determining the location of areas 
for construction of permanent facilities, and development 
of a system of coastal protection; 


there must be landscape maps of the coastal dry land that 
provide the characteristics of soil and vegetative cover and 
lands suitable for agricultural use, and coastal shallows, the 
characteristics of the relief, surface precipitation, algae 
fields, data of biocenoses; 


there must be maps that characterize the industrial- 
transport infrastructure and its possible evolution; 


there must be maps that show the recreational potential of 
the region, possible objects of tourism; 


there must be maps of assessment of the outlook for 
construction of docks, ports and other hydraulic engi- 
neering structures (including minor structures), sea 
farming facilities, algae farming, and the like; 


there must be a map of appraisal of the ecological situation 
of the region and ways to normalize it. 


Depending on local conditions, the package may include 
other maps that characterize certain natural or man- 
induced features of the territory. It should be stressed that 
the individual maps of a set that characterize the most 
dynamic area for the given littoral must be periodically 
updated. 


Thus, the map package must comprise not just a set of 
conventional maps of natural profile, but also some set of 
maps of socioeconomic profile, and the entire package, 
while completely characterizing the current status of the 
littoral, must show existing natural reserves and ways to 
put them to efficient use, i.e. it must show the prospects for 
development of the given littoral. Integrated mapping of 
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the coastal strip of dry land and shallows should be based 
on effective technologies in view of the large volume and 
complexity of data processing tasks. At present, these 
technologies are tied up with development and introduc- 
tion of various kinds of geographic information systems 
(GIS), including integrated GIS that synthesize conven- 
tional GIS processing methods with remote methods. On 
the basis of GIS, packages of maps can be represented in 
the form of an atlas. The database of such an atlas, in 
addition to the package of maps, may also incorporate a 
variety of quantitative, graphic, textual and illustrative 
information. At the user's discretion, the pages of the atlas 
may be displayed on a monitor screen or issued as a 
hardcopy folder. 


Clearly, the idea of the necessity of integrated mapping of 
littorals should raise no particular objections. Then comes 
the question: who Is going to do the mapping? It seems to 
us that there can be but one answer: the geological service 
of the nation with the enlistment of specialists from other 
agencies and organizations. 


There are three important arguments for such an answer. 
First of all, the entire natural-economic complex of the 
littoral is evolving on a geological substrate. And any study 
has to start with the investigation of this substrate, which 
can be done only by geological organizations. In the second 
place, the entire mapping process has to be precisely 
Organized, regulated and held to certain standards. The 
geological service stands on this. And finally, only the 
geological service currently has experience in both over- 
land and marine mapping, the latter being accompanied by 
compilation of geo-ecological maps. 


In connection with the latter, it may be asked whether 
geo-ecological mapping (GEM) within the scope of the 
geological shelf survey (GSSh-200) in coastal regions 
(pages of the coastal series) is not the solution to the 
problems raised above. M. A. Spiridonov characterizes the 
goals of GEM as follows: The purpose of GEM is carto- 
graphic mapping in synthesized form of the geological 
environment of a coastal shelf (shoreline of bodies of water 
of any type) with assessment of its natural status, and also 
the degree and nature of disturbances due to natural and 
man-induced causes [6, p 3]. It is clear from this definition 
that the tasks of GEM within the scope of GSSh-200 
answer only some of the questions that have been raised. 
On top of that, these studies are tied to costly and 
prolonged work of the geological shelf survey. Clearly it 
would be more advisable to map the seacoasts indepen- 
dently of the geological shelf survey, and geo-ecological 
studies here should have significant differences. 


Let us attempt to formulate requirements that in the 
aggregate bring us closer to an understanding of the subject 
and goals of geo-ecological mapping in the zone of sea- 
coasts. 


The first requirement is biocentrism. Only maps showing 
the status of the biota can be termed ecological. Other 
factors of the environment are shown on them only in the 
volume necessary for characterizing the conditions of 
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habitation of organisms. The subject of ecological mapping 
is frequently vegetation. Phyto-ecological maps most com- 
pletely reflect the relations of organisms to conditions of 
habitation, and can be used to indicate environmental 
parameters. 


The second requirement is anthropocentrism. In contrast 
to traditional bioecology, geo-ecology considers man, the 
population, not only as a source of disturbance of nature, 
but also as a victim who suffers from the effects of natural 
disasters, and in particulars from those changers in nature 
that he himself causes. 


The third requirement is a factor approach. The package of 
geo-ecological maps includes special maps that show the 
status of individual components of the environment: the 
lithogenic base, relief, soil cover, surface and underground 
waters, geochemical conditions and so on. The biota itself 
is often not shown on such maps. Strictly speaking, these 
maps in and of themselves are not ecological. They belong 
to a special class of maps of environmental status. 


The fourth requirement is an evaluational and predictive 
approach. Tasks of geo-ecological research necessarily 
include evaluation of the current status of landscapes and 
prediction of the dynamics of the environment: they are in 
good or poor condition, they are changing in a direction 
that is beneficial or harmful for man. 


The fifth requirement is a systems approach. The property 
of emergence is embodied in landscapes (geosystems) and 
natural-economic systems. A component-by-component 
analysis of the status of the environment in and of itself is 
insufficient for evaluating the status and predicting the 
behavior of the geosystem as a whole. The whole is greater 
than the sum of its parts. In the systems approach, the 
criteria of evaluation of geo-ecological parameters are 
based on changes of the morphological and genetic integ- 
rity of the landscape, the degree of retention of its natural 
and resource potential, changes in the quality of people's 
living conditions. 


The enumerated requirements should be synthesized in 
one or more amps of the package, which is a rather 
complicated task if it be considered that these maps, while 
completely characterizing the territory, are to be compre- 
hensible not only to the compilers, but to the users as well. 
At the Twenty-First Plenary Session of the Geomorpho- 
logical Commission of the USSR Academy of Sciences 
(1991), an interesting idea was expressed in one of the 
reports: our usual maps are incomprehensible to officials. 
Consequently, they will not be used (or ordered) by the 
administration. Therefore, we must produce maps that are 
understandable and useful not only and not so much for us 
naturalists and specialists, but chiefly for practical users. It 
seems to us that these problems as they apply to littorals 
need to be solved by integrated mapping. 


The next question: what should be the framework of 
structures and programs within which integrated coastal 
mapping is organized? With regard to structures, there are 
several answers. What is specific to the organization that is 
going to do integrated mapping of the littoral is that its 
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workers are specialists in remote methods of geological 
research, methods of ground-based geological surveying, 
methods of marine geological and biological research in 
the zone of coastal shallows. Here there must also be 
specialists of the ecological-landscape profile, and clearly 
the engineering-economic profile. 


Such subdivisions (teams, expeditions) may be set up 
within the scope of territorial geological services. But a 
specialized organization (like Aerogeologiva Scientific 
Production Association) could also be focused on solution 
of this problem. The quality of work done by such organi- 
zations would certainly be much higher. 


Now with regard to the prograrn. This task could be 
handled within the scope of development of the ‘Shelf of 
Russia” program, where provisions have been made for 
compiling maps of the coastal series (on a scale of 
1:200,000) and eventually setting up information systems: 
“Shelf of Russia’ Geological Cadastre, and State Cadastre 
of the Coastal Zone. But it might be advisable to set up a 
second program—“Littorals of Russia”—with eventual 
creation of a “State Cadastre of Littorals of Russia.” We 
feel that this is the preferable way because the “Shelf of 
Russia” program is focused mainly on the study of the 
geological structure of the coastal zone and providing the 
geological basis for interested organizations, i.e. here it is a 
matter of purely geological research (with a slight ecolog- 
ical “admixture’’) with production of more or less conven- 
tional materials. 


On the other hand, integrated mapping of littorals is 
already the next stage of work where an integrated picture 
of the status of the geological, ecological and socioeco- 
nomic environment that has evolved in the littoral zone is 
being created by using the necessary data about the struc- 
ture of the underlying or surrounding geological environ- 
ment. It is only such a set of data that can provide a 
full-fledged basis for compiling a State Cadastre of Lit- 
torals of Russia, which in our opinion is a top-priority 
responsibility from all standpoints: economic, scientific, 
political and defense. 


In conclusion, we should consider some problems of 
terminology. The term “coastal zone” that is used in the 
“Shelf of Russia” program (hence “‘cadastre of the coastal 
zone’’) here is clearly inappropriate. According to the 
definition given in [2], this is the zone of current interac- 
tion of sea and dry land, i.e. a comparatively narrow (from 
a few dozen meters to several kilometers) strip with 
ongoing geological processes associated with the action of 
the sea. Clearly compilation of a cadastre of the coastal 
zone of Russia does not make much sense, since this is a 
special and comparatively minor feature. It is something 
else if we are dealing with the /ittoral. The littoral is the 
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strip along the seashore with traces of ancient or contem- 
porary action of the sea, resulting in formation of a 
comparatively wide belt of land surface with characteristic 
relief and other features that predetermine many particu- 
lars of its economic utilization. Compiling a cadastre of 
such a belt now seems quite advisable. 


It is simple to determine the regions of Russia where work 
should be undertaken on integrated mapping of the lit- 
toral. There are the littorals of the Caspian and Black Seas, 
the Baltic (Gulf of Finland and Sainbiysk Peninsula). the 
littoral of Sakhalin Is!and, many sections of the littorai of 
the Maritime Territory, Kamchatka, the Kola Peninsula, 
the White Sea. These are areas for priority studies. The 
final goal is mapping of all littorals of Russia. 
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